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'kj/Hies is the tcieiux nj Ihe aUenUion of lim state of a be 
idatioii is the law of llie conservation of force (e.g. energy] 
of turce (e.g. energy) occurs in any pLyeical process, bi 
trans formatiou of one form of energy into another form 
nomena in ivliicli the matter undt-rgoes no alteration in 
bt'long to tlie domuin of phj-sies. 

example, a rod of gloss or a piece of sulphur after being 
L cloth ottnu'tfi light l>odi<». a steel rod afl«r rubbing with a 
seta uhjerts of iron, and ire is transformed bv wanning into wi 
- 'nto steam, hut neither tlie glass, the sulphur, the steel, i 

undeTRoes any change in composilion. 
'he law of the conservation of energy (x^nBtitut^^8 the first prin 
mechanical theory of heat. The~ second principle of this 
)Ue8 particulHrly to the traiisfonnation of heat into mechanical 
nly when heat pasBPS from a wanner to a cuoler bodv can it b 
ned int« mechanical work, and indeed this i» true for only a 
lion of the heat which pa»*«s. That portion of the heat er — 
I be converted into work Ls culled the u\ailab)e enetgy." 

Divisions of Chemistry. 

\ distinction is ma<le hptwoen pure chi'mietry. which is i 
h chemistry solely for its own salte, and applied clienustry 
iRidern chemistry in relation to certain special int«r«st 
lording tfl the purpose which it serves it is denoted as 
irmacpntical, lechnical, npicultnral, physiological, et«., chi 
ituilysi't and Svn/ftejtM.—AnaJ.nica! chemtstrj- or analysji 
the development of pure and applied chemistry and 



:ached that umiUr laws upplied to tlie proiliicts uf lii'iii); iJ 
ature. and that the aHHuiiiptJou of a eperial vital fuivc) 
>undatioii. Since tlien ti grent iiuinbGr of organic prod 
nd aiiimul origin have lieen artificiaUy prepared and auo a 
r compounde closely related to these, ho ttiat uow a cLu 
rganic aiid inorpinic I'liemistry accordiitg la the older | 
e quite impossible. 

Hany solid organic subatancea, e.g., wood, muatlp, 1ea| 
rganized, i.e., they have a charaet^ristlc structure, Ihe i 
f which ia the cetf The eell is the reault of I be vital pro 
Dt be artificially produced, while it will ultimately be poaBllI 
le chemic«i constituents, in cooiiuon with all other organl 





simple ftnd Compound Substances. 
All exuitiog substftnces can be divided into compound and simple 
substances. 

1. Complrx avhstances or compounds can be separated into two 
or more substances differing trom one another and from the original 
aubmisnce, namely, into two or more clenienta. 

:;. SimpU ivliiilanexs or elemeiU.'i are those substances which, up 
lo the j*ese!it, have resisted all efforts to resolve them into more 
amiJe eonstituents. When elements enter into chemical combina- 
tion their properties disjippear entirely or partly and comjmimds with 
new properliea appear, iIm? actual aubatauce of the elements them- 
•elves rmnaining; unaltoriHl, which is shown by the tact that the ele- 
nimis caij be aguiii Kt^parated by chemical means, and numeri- 
cal quantities of tho compound result aa the sum of the numerical 
qiBjiIiliea of the elements whiuli liave formed them (additive proi>- 
efty,p.;jO). Inspite of the enormous number of compounds occurring 
CB llie earth, the number of the elements from which they are built 
iiji I* not great and the compoimds essential to mankind are formed 
Stam only about oi»e-"hiilf of the known elemenls. At present 78 
elfoiMitf (table, p. 25> are known, and in addition to these 8-10 
Hibstnures are desi|»Tjateii aa elements which in all probability are 
nuturea of unkiio%vn elements wIiome separation will be possible by 
Jk use of improved methods. 

That this small number of elementa can forii 
•Ul beuiiderBtoojl bv » eonsideratioii of the liiw 
P' II). On!v abf>«t a third of the elements occur ffw in nature. 

I>rt»in eLemc^nts a,re universallv distributed: for example. oxvRen 
'«inl*iiied in the air, in wat^r. and in the solid rrust of the earth in 
Wh >|unntity that it coiiictitiites ncariv one-hnlf of thf weieht of the 
lohi>. vriiile other elementH, hkp [•■■riuni. Innthnnnm. eto., appear only 
iwnain placoR a»d in very small nutintities. The elements are very 
naqiaJ!^- distrihuted on theeartli; Up to the present 7 have been found 
' "wur and 30 in the water of the ocean, while all are more or less 



1, 27.0 Iron. 4.8 MagiieHum, "2.8 Pvtas» 

ehowD by tipcctrum annlysiE (p. 46). the elcmcnM of 
is formed constitute also ttic oth^r heavenly bodies. 
on, liowever, in aUditioii to tlie ponlJvely known eletnet: 
hers of whose e\ititence we are at present entirely ignora 
cording to geological hypolhcMs the centre of the earth 
ilten substances, small i)uantilieB of which escape lo tl. 
t volcanic eruptions. Since the radiuB of the earth is 40 
the solid crust is only atwiut 25 miles in. thickness, it us poss 
nt-a exist in the inlenor which, owing to their high speeific 
not vet reached the surface; this appears tlie more probal 
lerific gravity of the glo1>e itaelf is 5.6, while that of the 
J.5. Moreover, the periodic system of the elements (p. 54 
the existence of about 18 elements as yet undiscovered. 



Chemical Processes. 

e processes involving a change in substance are called 
>r tranefonnatiuns, or, in general, chemical reaction: 

the n!,iitricte(l sense the name chcmifal reaction Is applied 
»1 processes which serve for the ideiilificatioii of given sub 
le substances employed for the purpose of such tasta ar 
ts. 

ery element and every compound can take part in a c 
)u, but the ability to do this varies within wide limits. 
compounds offer extreme resistance to an alteration 
isition, other compuunds are stable only under very 
ion.s. Tlie following clarification of cliemical rea*- 
upon the final products; 

If two or more different elements or substances uiut« 
le new substance, this is called a wnon or a c 
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"SS k»°"" "" e„,.^^^*^-+- liC'^-" double 
„„\o»l prawns ean i_. "^Wst-U Im„ 

■? Tia\ BU*'®^*"'^'^'' "^f^ cull. .***»» <iT 

I ai"*'^ '^a^Hfeti ^ Y*- pwcflssEs, And 

C»uw* *' Chemical Ct»a *^'yticiil proteHsea. 

^, of lh« combinatioTi of ^^ 

"ffVtt'ity. by wViu-h \s "naerKt.^>o^{^*^*"^ substances is a 
ivie aepwate e\eiuenls, tfntiin„ t. ^ ^••'■ce of atlraclion 
_ ooi»bined iu t\\e resuHinj^ oc.,^ "'^"E thorii Utgcther 
^e\efl.cnl« ia o( different in^K'^t '*".""''' '^' "^'"^^ 
^e element varies gteat\y unO^r <f; « *"' *™^ '"^'""^ """^ 
ffiioUy '* "^^ WenUcai with cherr»i 

,^,e force which ca,\l»eft the rhemicrti*" ^"("nsv. since the 
'l(Whiphi9perfoTmed\n»-l><^TO«cft\ r^a-TT*"""-. ^'''"^ "'^ '■^t'*'- 

« »' »»nity differs It""" "'■'!""" '"rca,, „, lor example, 
,1 payitaUon a„i TOatne*""' '" **•" '' "■«» "»' «« at , 
!oi wWA rea«n .uteW"^ "'i '" *" """" ■»"« 
,1 into inlTOai- o ' . , »" »«o»<l>nEly gara ami |i„uid, 

■nolher mot- ™™ ■ ^-H po"*""! <>' amopplioua than 
•part or c^2,'?*«y * 

jfiually necess ^'^^^ ^ ^ continuously support chemical 

>y heat, ew^ to start" V medianical agiution. 
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GENERAL CHEMISTRY. 
Frequently s number of tlipse forris. act at tlic aamo time, heat beinj 



almost always present. The 
only modes of maliou, 
sutwtance (to the atoms, a 
enter itito combiiiatieii. hilt 
as to cause tlirougli the mot 
ia foniitd at first. 



of these fortes, which ... 

in imparting motion to the chemical 
[>. 13), which not only excites this to 
ter some i-ircumstances can be so violent 
a deeom position of the cumpouiid which 



Affinity can, however, be acceleratctl or modifial by certain 
other causes, namely, through the relative proportions of the reacting 
sulialjinees in aolution, by the degree of electrolytic dissociation, by 
the solubility and volatility of the products formed, and also by the 
oircumslance as to wliethcr tho subHtaticus are already extant or 
whether they enter into reaction at the moment of their production. 
Affinity is also modified by the prewrace of ao-called catal3^c agents, 
certain substances which, without undergoing any change, them- 
selves, influence the course of cliemicai reactions. 

The chief causes which operate ti> promote the decomposition 
of complex substances into simpler ones, namely, those which tend 
to reduce or eouuteraet the fore* of affinity, are likewise beat, eleo- 
tricity, light, and mechanical shock, since these forces can so increase 
the motion of the particles of chemical substances that the compounds 
break to pieces. 

1. Heal. Ill general an increase of temperature up to a certain limit 
inrreases the combining power (affinity) (if subslunces; on the other 
hand heating beyond a certain deftree causes the decomposition of com- 
pound aulistaticcs. For example, If mercury is heated in the air, it ex- 
tracts o<iygeri from it and ia eoiivcrt<'d into the red oxide of mercury; 
if the lntl«r is heated to glowing, lii)we\'er. it decomposes ag^n into 
mercury ami oxygon (see further under Themiochemistri'). 

2. Light can caum both combination and docompoHtioii (i 
under Phnlrwhemiatry). 

3. EbclriiHy. The action of the electric spark, through the 
in teniixTMiiire which accompanii* it, can cauHe either cumbination or 
dccKiniioitilicn. The electric ctitM|^ produces apparent decomposition; 
in renlitv itw effect is to euparnte^fci one another the pniducts of de- 
omnposilion already set free by oflK' forces (see furtlicr under Electro- 
chemistry). 

4. Mfluiniral shark run promote Ihe combination of many sulistaocee, 
but it can also produce decomposition by ileatroying the structure of 
many cninpoundfl, often with an explosion. In many cases, however, 
the cause of the chemical change ia due directly to the heat produced by 
the mechanical shock, or to the more inlimat* contact due to the jar aaa 
pressure. 

6. Elrrlmlytic DiasoHation (see under Theory of the Ions). 
6. The relative qimntities of the reacting substances mesent often 
exert a pronounced iiifiuerice on the course of the reaction. For example. 
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,mli«"°!^iri»»«'"''^?"'->' "? Si:i* form, pol^™, 
,„« P^T ,oU'V*' f Uof" .■l»«n'-'t.y of iS^ "»<uUly aci. mon 

'"»";"?. JoWtto" o' S^ .See poll""!"!.. ^iSi^ "■" e"'b""ff •'i' 

^ 8, hol''¥^ ^*,^ or retards tl>« cours*. pt certain chemical reaction 
«ib6tw<«B pfoffl"'**, change ^'•'.* ^^^*" "» tVie sviUnUnces theniBclvw 

Sijcl. sub«»"«* t" .bstanccs. aii<i the. r action is known as catalyd 
neenl* or con'*'^' For example. plto»p\\f»r-v»8 or rarlwn do not bun 
or Cdtftlflio "pfn^- ,' .^Iv dry oxy^ti. ai\<i rj^ax^y melala when place 
vhen hraWsi i" ft"^' ^ hilo nO Comfcax^aVnjt*. Vn^t, these fflilrataiieca twifih 
in p«il«rt with n- ^"'^ trace o( water \s present.. Cane-sugar in ap^ 
bine M aoon »'/'*„„, bv the acliou o( JUvite a.c~ti\s, the adds theniaelval 
intn two kinds f^ *"'''^";„n'. The probaV.\e a.<:Tt\t.T» of many positive caf^ 
luidMgciniE >,'" ?' , ,i„.v fiwt eomb\ne -wit^-v oi^e substance and then gnn| 
Irttc ftgenla is tlin' \' j-^ ,ht aelioH rtopeinAs \ipon tlie fonnation iit i|H 
tliii op. ** ''■^ ? U-iiduct* f*** t«rt^\v-r nniieiT HydroRcn and ClilorJM 

Blabk intermediate P ^^j nioat positWe ci^tivlvtip agents can he uonH 
n{ Lime). Tlie Qft" , frvsVi oil on a i-loolt -iwl-iich prcviouBly ran with 
parrd to the Brttn" slowly \<cci\use ot o\<i -visrcius oil on llie pinions, 

much frirtion and v«-r> (giatxia nRSoens^. SuhHtances shuw an m- 

9. Th Ao-"-n/ 'Z,' „,ent that tl*e>,- are s*ot. free from their lonipound^ 
rmwednffinihflt '"«?•■ „ot bWacU Vfeot!iV-.\e colon*, bul. when eel frw 

fnr exampK oxy^-n ,^" ^ vnsta.itW C«;c p. 17). , 

Welgbtaatl Vol"«n« Relatioms. %n Clietiilcal ReacHons. \ 

The^mbmticrt «f elements toWows certmn laws which are calle.! 

'.Mmcric^l l^^^. The ^-t.xcW o? t^ho U^^-s govcrmnfi he com- 

"•^'"""./W-ewt."--'--*^ :ina t.U<Mr .vpplU-atior. 1.. chemical cnlculft 
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10 GENERAL CHEMISTRY. 

I. Lav of Ulb CanMiYBtioii of MattST. 

The total weight of matter remUting from a eombinalion or decwr^ 
position is always etpial to tlw sum of the iveights of all tlif. Hubslancex 
taking pari in the reactinn. 

Superficial obHervation appears to contradict this law, ^nce, for 
example, when a candle ia burned, matter seems to disappear. How- 
ever, more careful investigation shows tliat wlien a cajidle burns, 
gaseous products are formed which are not directly perceptible (carbon 
dinicide and water vapor), and that the weight of these producU 
corresponds exactly with the weight of the candle burned plus tbs 
weight of the oxygen ot the iiir poiLsumed in the combustion. 
1. The L«w of Constant Froportiona. 

The elements dn not cnmhine with one another to fonn compounds 
in indefinite, but in ahHoluldy fixed and unalterable, relative propor- 
tions by axighl. 

Every definite compound therefore contains the elements of which 
it is composed in alisolutfiy fixed, unalt«mliie proportions by weight; 
for example, wat.er, irrespec'live of its suurpe, always consists of 8 parU 
o( oxygen and 1.01 parte of hydrogen, common salt always of 23 parts ot 
sodium and .15.4 parts of chlorine. 

If the proportions by weight in which one element combines with 
others is known, then the proportions by weiglit in which the other ele- 
ments combine with one aiiolber is known also. The connlanry of tha 
propoTtiana hy weight sharply dislinguish chemirnl compounds from mix- 

The constant combining pn^portions have been investigated for all, 
compounds; the values obtained from analysis or synthesis were Rret 
calculaleii on the basis of 100 parts of the compound, but the attempt 
waa soon made to find a simpler expression for these relatione and to brin^ 
them into conformity with the combining relations of all other elements. 

This eaii lie accomplished, for exanifde, when oxygen, wliich com- 
bines with almost all other elements, ia^taken as the pomt of departure. 
In order to allow a comparison with the combining weights :iaw in uae, 
namely, the atomic weights, the flgures given below are ealculatt^ on 
the bosiH of how mu(!h of the different elements combines with S part* 
of oxygen, rather than with 1 part of oxvgen. 

Thus 8 parts of oxygen combine with 1.01 parts of hvdrogen to 
form waler. with 35.4 parts of chlorine tflformchlorincmonoxide.with 18 
parts of sulphur, with 4.68 parts of nitroeen to form nitrous anhi'dride, 
with 3 parts of carbon to form carbon dioxide, with 2T.5 parts of man- 
gnnese Co form manganoiis oxide, with 23 parts of sodium to form sodium 
oxide, with 31.8 parts of copper to form cupric oxide, with 100 parts of 
mereury to form mercuric oxiilc, and with 28 parts of iron to form 
fenous oxide. 

Cooaequently 1.01 purls of hydrogen will combine with 35.4 par1« I 
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GENERAL CHEMISTRY. 



I 



The ability of tlic elements to combine «itli oiip nnothfir in several 
proportions by weigtit, as well Ud llie teudenvy Ui combiuution of the 
smallesl parts (the atoms, p. 13) of tLc elements, explains tbe enor- 
mous number of compounds. 

4. Law of Simple Proportions by Volume. 

Tbe combination of elcmeots or comiMJUiida existing in the form 
of gaseii takes place according tu certain simple relations by volume: 
TliC ineasured volume oj a gaseous eompmtnd produced by the cmnbitia- 
tion oj two or nuyre yaacous sulmtarKes is equal either to the sum 0} the 
volu'iufs n/ its componeTiia or else i» smaUer tlian this in a ralio expressibU 
by tiiliuU nuiiiiiers (Gay-Liissac'a law of volumes). If the volume of 
that gas which enters into the reaction in the proportion of one 
volume be taken as unity, then tlie volume of gas resulting from 
the combination of elcmentury gases will occupy the space of two 
volumes, irrespective of the variation of the sum of the volumes of 
the reacting gese^. 

1 vol. (1.01 pnrta) of hydrogen + 1 vc.l. (3E.4 parts) of chlorine give 
2 vols. (3fi.4I purta) of hydrogen chloride. 

2 vol*. <2.02 parte) of hydrogen + 1 vol. (16.0 parte) of oxygen pve 2 
vols. (18,02 parts) of water -iapor. 

3 vola. (3.03 parts) of hydrogen + l vol. (14.04 parts) of uitrogen 
give 2 vols. (17.07 parla) of amnHiiiiu gas. 

4 vols. (4.04 parts) of hydrngeii + 1 vol. (12.0 fiurts) of carboM give' 
2 vols. (16.04 parts) of niaraii-gaa. 

Since the gaacs, like all oilier substances, can combine only in 
definite proportions by weight, therefore the weights of the volumes 
of the combining gases must stand to one another in the same ratio 
as the combining weight* of the elements which constitute the gases. 

Thp corohining or equi\alent weights calculat^lon the basiB of oxygen 
= 8, which were riipii above aa examples were furmerlv used as the 
foundation of all chemical ralculatloiiB but have been abandoned, silica 
under certain circuniatjinces different combming weights were obtained 
for one and the same element so that the choice became uptinnul antl 
uncer1aint\ reaultcd Fnr exntnplc manganous oxide (iiii-ists of 27.S 
parte of manganene and 5 parts of o^vgen manganic oxide of 18.33 pa.rtft 
of manganBRc and 8 parts of oxvgen (p. Ill: further, nir.roue anhydride' 
of 4.6S parts of nitrogen and 8 parta of oxygen, nitrogen dioxide of 3.61 1 
■ parts of nitrogen and 8 parts of owgeti (p. 11); further, methane of 
8 parts of carbon and 1.01 part.e nf hvdmgeii, ethane of 4 parts of carbon 
and 1.01 part.s of hvdroeen. This variation in composilion is expin'ned 
by the law of multiple proportions (since 27.3 nianganeBe = 3xP.17 and 
18.33 mangane8e=2x9.17; 4,6S mtrogen=4xl.l7 and 3.51 nitrcgetx 




lcinjn>rature of I" C, the volume of ii 
s volume iit 0° C. I 



I laws are explainable by 

vugikdro's hypotlieais: Equal volumen uj all gates at the 
ensure arul temperalurt contain, an equal number oj nwleeuieg, 
re by a comparison of llie weiglits of equal volumes of diSer- 
^s al tlie same pressure and temperature the relative weiglita 
molecules van be delermliu-d. 









Jie mnallcsl parlicks of the free elemettts consiat generally, like 

younds, of inoitculss aitd not oj free aUiins, 

^vDgadro's hypotliesis this cud be demotistruted as foUows: 




llOOIlOOi lOOl 
I H, I H, I - 
3 vols. 





1 lUU 1 lOUl 

= IhuIhciI 




2 volumes. 




1 lOUl lOUl 




2 voluiiu'si. 


lUOl 


1 100 1 100 1 

" Inh.Inh.I 



1 vol. 



rolut 



certain volume of hydrogen rontnins 100 molecules of hydro- 
n an equal volume of chlorine contains the same number of 

molecules. By the combination of this 1 volume of hydroffen 
: 1 volume of clUorine, 2 volumes of hydn)(ten ehloride {p. 12) 
aioed, which consequently must contain 200 molecules of 
n chloride. But 200 molecules of hydrojjen chloride 
200 atoms of hydrogen and 200 atoms of chlorine; therefore ii 
lation of hydrogen chloride each molecide of hydrogien and. 

has Bplit into 2 parts, that is to say, each of the molecules of, 
n and chlorine consists of 2 atoms. Similarly 1 volume 
with hydrogen furnishes 2 volumes of water vapor, 1 voli 
^eu ivitli hydrogen 2 voliitnefi of ammonia-gas, eo that 
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■ relative qita-ntit^ />,, 



pea: 



^molecular u„^hu. „/ ^;:^f ^'J^ 
nenl holds Rood only »c> Innf „ 

etetWe wdEhts of atoma and molecuteit 
, to TOtecl oiie avihstanco as a. starting, 
jnit, and to <!ompai-«x a\l r>thev Riibstonce. 

and mo\ec\l\a.T weJiFHta ^witl^ tHis one sub- 

■i. 

I chosen i« \ volume o/ o^ygem. — 1 nlam of 

oj oxygen. 

simplpst ^\an to T«f«.T «\A tVie nuantities bp 



20 



GENHUAL CI/liMISrHY. 



pressure (are isotonic: i'wu!, equal, rot-ui, tetmmi), the same depres' 
flion of the freezing-point, tlie aame lowering of tiii; vapor pressure, 
and correspondiiigly the saine elevatiou of the boiling-point. The 
molecular weight of a substance which dissolves without decompo- 
silioii is therefore detcmiined by dissolving a atnall, accurately 
wcigiied qituntily of the substance in a known quantity of a liquid^ 
and determining the osmotic pressure or tlie vajHir pre^Hure 
is simpler, the freezing- or boiling-point. The value thus obtained 
is compared with that which is obtained when a substance of known 
molei'ular weight in a corresponding gram -quantity is dissolved in 
the same quantity of the same hquid. 

For example, a quantity of a substance of known molecular weight, 
correBpoiidiiig to its nioletular weight when dissolved in 1000 eranis of 
bi.<ii!:cnciif soluble tliereiii), will lower the freeziiig-poiiit of iJie solvent by 
4.9°, Tlicreforc if the ailajtioii of a knowu quantity j: of a substance of 
unknown molecular weight to 1000 grams of benzene lowers [ho [reexing- 
jiuint tl.^°, the niolecular weight of tlie unknown substance must be equid 
to oiio-huh of X. since 9.S=2x4.9, 

If the osmotic poessure, etc., are determuied in aqueous solutioua, 
the suhitions of acids, buses, and salta show greater osmotic pressures, 
r the d*- 

,. „., „ _ . .. .. . , , riilinp. etc.) must be employed! 

Ciini'cniinK tht' cuiisr nf \h'-<f .'^.■^,.l i, .n^ ^■p Thci.iy of tlie l< 
Vrupt-n\i-s. like ll.c' ii-iinlii |>ri--'iir', i\\i- expansion and pri 
gnsi-s. whirli can hsmuiw .siimliir ■.riliii-- fiT ilH^nncaliy coniparable quan- 
tities of unlike suhstiin^T-. iin- inllnl . i.lligativc prnpertiea (roHigaw, 
to bind); tliesc. in conlMdistinetin.i to the additive properties (p. 30),; 
are influenced only by the number of the molecules, not by their natui» 
or constitution. 

3. Holeculai Weight of Substances which are Volatiliud with Dlfficnltr. 

The motoeular weights of llio metals which come under tliia clas 
are determined similarly to the niolecular weights of dissolved sub^ 
rtanec*. If small equimolecular qtiantities of other metals an 
melted together with larger and equal quantities of certain nietats 
(bismuth, lead, cadmium, tin), the resulting producis (alloys) co 
sponJ to dilute solutions and show a correai.x)Tiding equal lowering 
of the melting-point. Therefore by determining tlie melting-poiidi 
of an alloy prepared from a metal of unknown molecular magnitude 
its molecular weight can be calculated ti 



c manner described in 2. 




^^Of °^ ^HB ATOMIC WZIOHT. 

V-*'* \ecular w*m„i **'-**t^ ciuantity of an element 
<»\% »»>^' „,o, l>y tt«l "^ .^"^ °f '^ cor.,pound., it 
sv *•* Aet^ K Of these ^^*^y«i8 of all compounds of 

^.%^ ^K^-^ P'-e^ent "rr**"'**" the smallest quantity 



e\e***' 



. 1.^"' 



ia present ■ •""-'""as the smallest quantity 



,lccU 



*" ' .,c ■>"'";«M"S*i' o„^ ""•'SO W" d.t.m,in,d i„ ,1,1. 
i :*•' ">.»>'' Ml .lT,c« „^ „ii ?t°>»>» ul c.rl»« «,ml.i,»d will, 

JSi*''^'' ^^^„„B ttot a molecule of every .utetanee in a 
,(ilb=*^" cupies ^1**^ «»n»e volume as 2 volumes =2 atoms 
' C0«*'"°\i be eo«e'>"l"i tliat. 1 „t„m „t any elementary ga. 
^^^ ,..«,e as 1 vt»lmi,e = i atom of oxygen, so that the 









I o( the weijEHts of equal volumes of the givt,. 

T( by a '*'"'™"7\ie Tc\al'>'*^ weights of the atoms could be cleter- 

V^ (j^ ot osyp**' . p\eTneiit?, liowever, the weiglita thus found do 

td. ^''^^^ '^'^'Ip titoiuic weights; for example, different alomlc 

M)rr«P°" ^"j ( - 9u\\)\»>ir and iodine at different temperatures 

;^l,t# B.ie '"""' " ^iver, Ihe molecular weight of phosphorus as 

Oisaiicialio"!' ^^ jpngitv is 124, that of arsenic 300, and accord- 



y^ yiasin'"- -^a density is i.i-*, tnal ot arsenic ;juu, anu a 
^,^^mfd ''"""*"" ^p-^plht* must \ie G2 and 150 respectively. But 
„^ly Uieit ftln""y ^^.^^g^^ \uive heen found by chemical ai 
il„. tniiii'""'" *^'" mAftCiP-)"'' molecular quantities of pho 

„T of their comvo^ ^^ ^^^^ ^^ ^^^ pliosphorus and 75 for ft..-. — 
arsine'* corrf^P^''* „Aition rtwir molecules therefore conrist o( 4 

»n in a RaBcoua con"' 

loinB- ^ ^^,P minimum weight which is found in the 

In the CB«. o mett^ ^^^^„ding com|«unds ia of the ...me 

Secular weights oMt>e 




iry vapor and 2 vohuiieB of chlorine give 2 volum^^OiiemiB 
\-apor; if the 2 volumee ot mercury vapor conUiin 2O0 moleculi 
^ 2 volumea ot resiiltiiiB niereiiroiw or men-uric chloride vap) 
(ewise contain 200 molecules (p. 16, d), and therefore in til 
I uombinatioii of tlie mercury no splitting np of mercury mot 
have taken place. 

impouiult o] all mftaU in a gateoiu romiitiim otrtipy tl 
-..jx (u Ihf eapim o/ the metals which are containrd in thet 
: the molecules of the vaporised metals are not further dJvisibJ 
ley eiit«r into chemical coinhinalion tlie dumber of the moleciU 
laequently the apHce which they occupy cannot Ljc increaaed. 

a. Detetmtnation from the Specific Heat. 

s method depends upon a relation which exists between tt 
weight and the specific heat i>f every solid element, and 
'to check the atomic weightn found by other metliods. 

icifie heat is the number of heat units (see Thermochemistr 
■ ■"■ ' ■ "aitce 



r 1 kilogram of a aubstance 
o raise its temperature by_ 1° C. In the case of solids this quanti< 
t can be readily determined. 

order to wann equal quantities of two substances to the s 
Bture two different quantities of heat are necessary. Thus, 
,e, in order to warm a ^ven quantity of water to a certain t 
re, a qitantitv of heat is re(|tiired which is thirtv-onc times as g 
, which would he required in order to produce the same incr_ 
persturo in a nuantity ot platinum ot (Hiual weight. The specil 
platinum is therefore only ^ of that ol water, or expresned as 
i fraction 0.032, TIte apecihc heat of one and the sameaubstai 
according to its stat« of aggregation. 

the specific lieat of the elements in the solid Ktate is cslculat) 
i baias of the atomic weight, instead of on the bafis of eqa 
[ties, it is found that quantitiC Ji of 



SYMBOLS. FOFMl LAS ASD EQUATIONS. 
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N.l 


143.6 



Niobium 

Nitrogen 

Osiniuni 

Palladiiiiii! '.'-'.'.'.'.'.'-'. 

Phosphorus 

Platinum 

Potosaiuni (Kalium) . 

rmspodyuiiuin 

Radium ,-,-.. 

Rliodiuni 

Kulndhini- 

Rutlicniuni 

Bcandiuin 

Selenium 

'Sih-rri\TR,-,,i\im):.'.\ 
Sodium (NQtrium) . . . 
Sl.miitiuiii. 



Triluriu.li 

Terbium 

Thallium. ■ 

Thorium 

Tliulium 

Tin (Stannum) ,- 

Titanium 

Tungsten 

Vonadiuiii 

Ytterbium 

Yltrium 

Zinc 

Ziri'nniimi. . . . . 
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taken as a whole or to that portion enclosed in the brackets 
for example, 3HjS0, or (H,SO,), <ienot«i 3 nioiecules of sul- 
: acid; Fe,(SO,), is Ihe formula for an iron salt of e<ulphuric acid 
odtcates that this substance conf^ists of 2 atoms of iron and 
boomplexea SO,. 

mulas used express the molecular magnitudes of the 



igjil. luid volume in wliicli lliil (!lUlllt!llRPmH^i^^^H 
ules of (he compounds. 

fonnulu or u sulistance is i^ven, it is possible to calculate tha 
a liter of Ibi- substaiico iti a goseoua condition, as well as it* 
avity will) reB[wct to any other ens tuketi as unity (p. 42, 6),^ 
llit'sc quantities to further calculate its gram-volume and', 
volume, if only tlic molecular weight (-=32) aud tiie weight 
(= 1.4291) of oKygeu are known. It must, however, he borne 
tliat all coiii»deraiionB involving the volumes of gases niualj 
on tli« volume occupied by gosee under a pressure of 7fi0 mm^ 
inipi-rature of 0°. Siu(« aU dpeeiric gravities of gases are now' 

ito the molecular weight of ox>-geii = 32 iis unit (p. 43), their 
gmvities are Uierefore directly PxpresBed liy llieir mole<MiUF; 
The formula NH„ for e\anip[e. consequently expresses the loU 
'iinreruinK one molwule of ammonia: 
list it consists of nitrogen and hydrogen. 
Iiiit it consists of 1 slom=l'l,04 parte of nitro^ren and 3 atoma 
01 parts of liydrogyn and therefore has the molecular weight 

"hat it consists of I volume of nitrogen and 3 >'olume8 of hydra^n. 
liat it luiB the specific gravity 17,07 with respect to oxygen taken 
; further, tlmt ite specific gravitv with respect to liydrogen'-=" 
id with respet't to air= 1 i* 0.69 (se* p, 441, 
list I liter of it weighs O.TK gram, that its umlecukr volume is 
prs. and IJiat its gram-volmne is 1..1I liters. 

tlip basis of these calculations see pp. 43, 44. 
iditition li> the empiricut furmulufl mentioned above, in v 
le symlxibt of the elements constituting the nioleriiles are 

ed, there are also the so-called rational fonnulas wldcli hidl' 
e grtmpiiig of the at^ms in the moleculos (p. 29), 

3. Chemical Equations. 



' an elpiupnt does not combine with hydroRen, then 
;terniiiied fmm the nmnljer of other atoms, equiv 
o[ hydrogen, with which il cati combine. 

>m of chlorine combines with 1 atom of hydrogen to 

" oitygen " " 2 titoina " " " 

' " nitrogen " " 3 " " " " 

" carbon " " i " " " " 

icRonlitiKiy the valence of chlorine-1, of o:^gen- 
1-3, of L-«rboii-4: and chlorine is then-fore siiid to 
■ovaleut, oxygen bl- or divulent, nitrogen trivalent, i 
Idri- or tetravJiIcnt. It is also often customary Ii 
trine powftwes one and oxygen two bonds or units 
BUMc it used to be boQcvcd that chemicixl affinity (p. ' 
ted with the valency. 

jChe valence h denoted by Roman numerals or hoi 
m near the symbola (p. 29). 

Whe valence is not, tike the atomic WMijhi, an inliert 
ibment, but is ilcpetuieni upon fJie properties of the eli 
f upon nne anoUier. Every deinenl exhlhiu, however. 
For example, 

II III III II I 

CO PCI, P,0, SCI, — C1,0 

IV V V IV IV II! 

CO, pcii p,o, set, SO, a,o, 

VI V 

so, CT,Os C 



h- 



•.TK are <K>naiderable iiu 
„.., aitlio^Ii 01 similar ([Ualitative &ad ((Uantitativi 
* quite different properties. Tliis is kuowii its isouieris 
For example, the empirical funnuk .NC,H, slAiida for 
mds, aa tliat from tliis it cannot be deteriuiaed whlc 
fade is denoted, while the ratioiial TonnuUs meiilioue 
trtuntly possible to distinguish between llietn. Tbe stu 
uformationiitliediffercnt inetliodauf prepiirution. and tl 
iluc compounds all lead to the asaumption of a defioili 
M atuiOB ill tbe molecules (.see Purt 111, Isoiiierisni and 
U^ Cohslitution). 

jH>e method of writing theae formulas suggests tlie a 
ItAoam in a single plane; but since in reality the separ 
it have defiiiiu: volume, the separate atoms must be 
Mbut«d through all three diiiienstons of apace (eoncemiu 
it of the atoms in space see Part III, stereachemiHtry 
Vhe unvarying amingement of the atnrae in the molect 
P^r linking dues not nei.'essitate that the atoms are fixo 
I napect to one another in the molecule, but it can be | 
nthstanding this they move about a point uf equilibriun: 

the constitution of saltj* eonliining water of crysta 
[ther similar double salu (nee Magnesium .Siilpliate 
pined by the assumption of an additional valency 
ptoms, for which reason it is supposed thai in thes< 
hi molecules are present and that these exert a t 
Itracticin on one another. Such compounds are the 
luuiur eompoumlB. Example, M(tSO„K,SO, . BH,0. 
Iroperties of Bubstancea which depend ujwn the 
l)Cr of the atoms in the molecule are called niidUiv 
pample, the molecular weight is an additive prop< 
Lai to the sum of the weights of the atom? wliich for 



/ the aioins xvithin the molecule; phy^ncsy the study of equi- 
itui the motion oj Uie molecule ilselj. 

3. Equivalence. 

f chemical processes proceed in such a maimer that one 
enters in the place of another in the molecule of a compound. 
called substitution (p. 6). The quantities of the elements 
x>lved depend upon their valence, which in the case of poly- 
lements denotes onl}' a fraction of their atomic weight. But 
le atoms are indivisible, the substitution can only proceed 
jich conditions tliat one*atom of a bivalent element replaces 
ms of a univalent element, one atom of a trivalent replaces 
: a univalent, or one atom of a bivalent plus one atom of a 
it. In other words, the sum.s of the atoms replacing one 
must be of equal value (equivalent). For example, 



X 



^ (^ r<=o ri=N ri=o 

^H ij\2 \J-H V-H \J=0 

Chloroform. Formaldehyd?. Hydrocyanic acid. Carbon dioxide. 



quantities by weight of the elements which show equal values 
lence) are called equivalent or .substitution weights, and are 
ctions of the atomic weights corresponding to the valence 
^iven atoms. Therefore in the case of monovalent elements 
:.«a1a*«4- «TA:<vlifo of/» Aniinl ir\ fhp fltomic weiffhts. in the case 



( = 2X126.8'parW) of biliii'i!; therefore ■§ 

of I atom of oxygen, or, aiiiix ench utom of iodhi 

equivalent nuaiilit;^ (if oxygen is i mlout^H piirts ol 

One atiUrn of nitrogen^ 14,04 purtE is equivaleii 
parts) of liydrogcn, and therefore 1 atom (l.Ut parts] 
ftlent to J atom ( = 4,61 purls) of nitrogen. 

The tMjmbining weights employed on p. 10 iti 
of constant and niultipte proportions are identical 



weights discussed above, and were formerly used ii 
of tlie atomic welghta. Tliey are still of sigiiifit 
(under wliicli see Fara.day'a Law), 

Properties of Molecular Aggregatii 

Tlioae masses of miitltr which urc capubli 
produced by aggregations of molecules. Tliese 
be of different kinds, which determines the Rtate 
the substance, i.e., its appcaranue in the solid, 
condition. 

The alteration of the Ktate of aggregation of a 
duced, not by the altera.tion of the state of the mol 
but through tlie nature of the motion and the altera 
of space between them. It is assumed that a c 
space exists between the separate molecules, and t 
gases this intermediate spai-e ia so large that the 
selves are inc<im|)arably small in comparison witi 
separates them. But since the molecular weigh 
stances in the same states of aggregation tmde; 
with a cliange of temperature (see Dissociation), 
ble that at limes the alteration of the state of aggi 
pftuied by a change in the aite of the molecule. 



^ all Umiicia o 

'^tter tlieir st. T** ^'^*""t«i into solids. Many solid 
^y^o"t *»ntlergoWj** ^^ aggrogalion by an increase 
j-^efiure liqviit* ^ ^ chemical decomposition. By 
^'i^ftC in tl,e r>r^ *'**^" pass over into gases, and, con- 
l,^ i>^ over ii.tT\u^i2'*"''° "^"" '^'*' "^ '^' 
r«K'^'^**'"atJ ^f*"" »^'««' wlach comiK... Ih™. arc 
^ vibrut« ^l3o " «"»»«tant vibm.ion. The molecules 
bet.-om« oT^- t P«intofctjuilibrium,andonwarm- 
*'^^.B,.^<«s ***'*'*^*^»- a-nd of greater amplitude (cspan- 
"^ .rrZ?' V^*^*' «'*«^lb- thecohosionisLfarowr^mc 
^ !Jc^^ \^ «»oloculcs in a position of e^iuUibrium 

,„«,e t.ecom(^ liquid CmeUs). In overcoming the cohc- 
L ci««""ty of K«a.t i^ „^^ ^p ^^^^^ ^j j^^^^j ^ ^^^^ 
^inl reraams co,»stai^t until all is melted. If the wami- 
„^d tlK^n both on tUe surface (evaporation) a« «tU m 
^quia the motion of the molecules will be no increased 
.csion «m be more and more overcome and the niol.-cules 

■,„to the simco al>ovc the liquid. Finally the motion 
j^julcB viiU bficoTOo ^o violent tliat thoy «-ill entirely over- 
,,^aBUre ot the HqviUl and that of the air pressing iirK.n this 
j„id willl>e«>" to Uoil. wl«Teu[>on the temperature {boilinR- 
1 remain constant nntil all is vaporiwd, Bince now all the 
^ (tbekeat of vai^oriaation) is used up iii the work of sever- 
i»t bond «t tlie toree of cohesion. 

jit acts still furtltor on c/impletely gasified substances, the 
,u of tlW' alon\s it! the molecules can become so violent that 
leculcs spill up n»to atoms or molecules of simpler conatitu- 
i!«»ciatwn, see TViermoclicmi.stry). 

I. SoUds. 

ijje ViftVP a cViaractprialie nppearHiice: within them the molecules 
ijy>ut * fo^ed point of cquilihriimi. vibrating or rotating. 

H w\i(l «ul>staticc» ocfur organized (p, -11, crvslaUi»ed. or amor- 

' nijiny are Vnown in both the latter formB, but possess in both 
difltrenl phvsical properties. 

ton many Btthstanpes, vrhen they pass from the liquid, dissolved. 

n/trm sis'* >"**' '^^ wAicl condilion, assiiine a regular form bounded 

^ie»- i.«-. Ihev appear hb .en,BtHls. 

*- ' tryBt»\ViTin\>\c svitiBtance has a perfectly definite CT>atiilline 
■ — Iae>\UoU- its idBntification. If it separates from a 
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KSERAL CHEMISTRY. 

*titl hag the same fnnu an >1if largest, and as Ihey 
IP foniiB of the crvHlala uiidergn no alteration. 
I'er, that the crysta'l tonn is re^Uriy developed^ 
jDSHible that in one and the value rryaiallinp mib- 
velopnient of the separntc plaiieB can be different, 
witli the position of the planes with respect f 
»hieh the planes of every eryntalUzed subBlan 

ure unalterable (law of the constancy of corr 
glea). Ill addition to their r^ularl^v bounili 

a regular iiilemiU structure and (with the « 
■■ n|gular system) exhibit in different dtrectku 
lysieal properties with respwt to cohcMon, han 
tivity of lieat, and the transniisaion of lirit 
>ii rapid cooling, the crystals are disturbed i 
at they grow tlirounh one another and a crygti 
Th« eryslBlline character <i{ a 1>ody is detpmiirM 
lich it can be determined from the surtoee o( t| 
xture la laniiTiated. radiated, or granular. 
! no evidence of crystalline structure and b 
ture. it is railed aniorphnuB. Amorphous 
physical properties in all direetiiins within th 

to slrongly supercooled liquids (p. 3S), s ._ 
le obtained in an amorphous state if. while i 
hev are cooled rapidly. The amorphou 
ililr, and nniorphnus sulistaQceti after s 
r spontaneously into the crystalline eondition, ' 

. Cni»ta>UH]rapky. 

IS is called cr>-Btal1aeraph>-. Many thousai 
, btit they can all lie referred to nx clu 
be accnniplished by comparing llie eryslola ^^^ 
itis of developiiietit. called axes, i.e., we inu^ 
MSaiiig through the middle points of the ciyitg 
il faces lie syniiiietricuUy al>out tliese axes. iS^^^ 
eir length and indhiiition, all i-rj-etals can 

all crystal fortiiB of the six aystenis can be 
assumption of n'ninietrs' planes instead of ^-^^ 
tes a plane which can be imagined as so lUviifi 
« that the one half stands in the same relatl 

we linlf stjtndB to its image af seen reflected 

a between the six crystal systems 

ic system; 3 axes of equal length, all at i 
'9 planea of symmetry. 

dgoiial system: 3 axes. 2 of ii^ual length, 
ger or BhoTt«T, aU at right angles to one an* 

rimetric system: 3 axes of difTerent lengthSi 
nother. — 3 planes of Byniuielry. 
iyiuuietric, or cUiiorbombic syslvin; 3 
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vstal hiLS llie same form a 



form as the largfat, and as Ihty '^y 

ihe torins ot the frystals undergo no alWralion '^j 

M fomi iB regularly developed. _. 



Imwever, thai llie cryBtfi] fomi ui regularly developtd 
jtleii possible that in one and the same cryalalline saC 
lid develuppienl of the separate planee van be diflereul. 

case witli the position of the planes witli respect lo 
igles which the planes of every crj-stalUzed substanu 
lother are uiialtenible (law of the eonBtancy ot con*- 
ial aofEles). In addition to their regularly bounded 
>SBeK8 a regular ina-ninl stnieture and Iwfth the est- 
uf the regular nysteni) exhibit in difTerent directiona 
■enl phvsical properties with respeet ia cohesion, liard- 
oiicluctnity of heat, and the transniissinn of lieht, 
iullv on rapid cooling, the crystals are disturbed in 

so tliiit iliey grow through one another and a crystal- 
led. The crystalline character of a biidy is deleniiiiicd 
ter which it can be deteniiined from the surface o[ the 
the texture m laininaled. radiated, or granular. 

shows no evidence of crystalline stmclure and breaks 
I fracture, it Is called amorphous, Anmrphous sub- 
same physJCBl properties in all directions within them, 
pared to strongly pupertooled liquids (p. 35), «nee 

can be olitained' in an amorphous state if. while ia 
on, thcv are cooled rapidly. The ainorphaus stala 

,UaetuliIe. and amorphous substances after standing 

■ over spontaneously into the crj'Stalline condition. 



I' 



. Cn/slalligraphy. 






■ystal forms is called crystal loeraph*-. Many thousands 
,re known, but they can all lie referred to six classes 
can be accomplished by comparing tlie crystals m- 
irect^ons of development, called axes, i.e., we ims^ne 
xes) passing throuirli the middle points of the crysuli, 
cr>'alal faces lie eymnielrically almut these axes. From 
es. their length and inclination, all cr>-stal8 can be 

oil of all i-rystnl forms of the si\ systems can b* bc- , 
,■ the nwiimption of svmnietrv planea mstead ot hjm. 
dcniilcs H plane whicli can be ininsiiied as so dividing 
hwlses Uml the one half stands in the same relation 
8 tlif one half stands tit its imnsie an seen reflected in 
fcrenciis between the gi'i crystal systems ore Ibercforo 

wmptric system: 3 axes of e<:|Ual length, all al riglit 
her.— 9 planes of svmmetrv. 

tetragonal svstcni: 3 axe's, 2 of equal length, IW 
longer or alioiter. all. at right anRlpB to one anothM. 

■ orlrimHric svstem* 3 axes of different lengths, »11 
|"e another.— a plant-s of synu.iWry. 
lonosyniniL-trio, or Hinurhombiv system- 3 a.x 



B vnptir proasure, then llifise substadces can be nielttii. 
T]ie pressure below which many solid aubrtaiires no 
I pass dircclly into the form of vapor, is called their siibl 

The transformation of a solid substjiiipo into vapor f 
ensation of the vapor into the solid Rt&te is called sitbnmat 
separate voialile from non-volatile subataneea. The oni 
"'"'" — '"" the atmoapheric pressure can be neglected in i 



Aft«r a substance has b^iin to melt, the quantity of I 
iried until all is melted (the heat of fusion, p. 33) 'does 
ny increase in the t4'nit>eralurc. In like manner a tuM 
n solidificBtion yields the «ame quantity of heat which il 
leltiiig without undergoing »ny reduction in teinperatu 
F Bolidificationl. 

The heat of fusion or sol idi Rent ion is the number of hf 
Tiermorhetnistry) which are required in order to Imnafor 
kilneram of a solid subatant-e into liquid at the same 
f the heat of fusion ia multiplied by the molecular weight, ' 
eat of fusion is obtained. 

Ill regard to the alteration of the melting-poicit in 
ubstani^es aee p. 50, For the relation of the loweririp of 
loint to the nioleculnr weight see p. 20. and for the relatioi 
iig-point to the constitution of orgsnic compounds see Part 

r. Sprrifir Unit. 

fsoUd substances and its relation to the atomic and ii 

^e p. 22. 

f d. SpeHfe Gramiy. 



iipiod by a quantity of the substance equut 



cuUr volumes are accorcLii^^lO'*^,^ ^P^^^'^ hct^s■vvn them. f 

,rs of atoms and molecvile« ^ - ^^^^ volumes winch c<.n- l 

ume, or specific volume *c^r ^ 

by 1 ^am of the auY>sUxiice^^ ^^ solid substance is the 
cific gravity of the givei^ Rt,?^^.^ ^s determined bv divid- 
of lithium IS 0.59, i.e., ^'^^^stance. Tor example, the 
gram of lithium ^m ooc^-r^"^" ^^ lithium weighs 0.59 
m Li:: 1 c.c.:x c.c). '^Py a. volume of 1.69 c.c. (0.59 

.. Optical l-roper.^^3 

5 treated uuder llq\ii<i3^ 



2. 



no fixed form, but assvirr* ♦x. 

leir molecules have no Ic ^-nat of the vessel which con- 

ve a progressive ri\olior\ -^^^^ ^ definite position of ec^ui- 
;o that each molecule i« *? addition to one of vibration 
ighboring molecules. trom time to time surrounded 

n. BoiHng cxrul T- r.^voration. 

"^Jjt^miTheaS^to^J^?^!^^^^ (freezing-point) all liquids 
^^^ S^hpl^t^JP-^.^^ temperature (!>oiling-point) 

P^^'^nx. K.^t \^ /a ^^ ^"^^ «"ly for «"cl^ liquids as var>orize 
^position, but m t\ie case of all liquids tliere is a definite 
valjor even at temperfitures below the boiling-pohit. 
rmation of vapor ^Kes place only at the surface of a liquid, 
1 evaporation; but if it proceeds also within the liquid, it is 
^g. The boilmg-pomt is lower the lower the external pres- 
a increaae in tne external pressure causes an elevation of the 

[\t. 

iiauid boUa when the tension of its vapor equals the external 
'nie boiling-point is always taken as that temperature at 
tenaon of the vapor is equal to an external pressure of 760 mm. 
..r MftTiv Rubatancea -^rbirb dprnmrinsp when boilpd nnder 



'n), is A constant for every given aubslance. Wr ■ = »>. TUU 



h. Specific Grariiy. i 

calculation of the itpeciSc, ntoniic, and molcciilBr vulunies fra 

eciSc gr:ivity is carried out aa In the case of anXiAu (p. 36). J 

' the mation of the molecular volume to the constitution of orgM 

unds see Part UI. | 

) propcrtv which many colored nolutions have of absorbing a pi 
lishl split upliya prism. For the application of this property} 
{termination of Iheir ciieniical nature see p. 4.'*. 

rf. Rejrarlion of Light. 
..„ . , Bulistance poBsesseB a dcfinile power of refracli] 

and the quotient of the sine of tlie angle of rt-ffBi-tioii (rl into U 
of incidence (t), called the coefficient or index of rcfni 
■Sine ' ^ 

Siiie 

eat assistance in identifying a substance arid for detcmiining I 
y. It is, however, dependent on the density (specific gravity, 
e given substance (also on the pressure and l*mperalure), as w 
its state of aggregation. By the use of the furniula , r^ ' T ~ " 
' R is obtaineil which for lii^uids and Rases is dependent only > 
chemical constitution. This is known as the specific n?fni(i|^ 
r or specific refractive constant. 

le product of the specific refractive power of an element with 
10 weight is caJled its atomic reFruction, 

le product of the specific refradive power of n coinpound n^ 
olccular woi^ht is cnllc'l ils molecular refraction, 
rom the specific refractive power of a liquid mi.vture (i.e., ii EtnluUo 
the specific refracti>'e power and the constitution of one "f tlw at 
as is known, tiiat of the other can Ije cnlculated. On the olj 
in •& liquid mi:cture of several !<ul>staiice8 of knowii refrarti 
• the proportions hv weight in which the different siil>Btii>iccn \ 
it cau hi calculated from the specifie refnctiye constMit of^ 
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lit tlic Piiil, wliere il ia allowpd to evnaiid BUiIdifrilv, mid tlKsn vaoU-d hv 
exminsifin it flows bark again tliniimh the "titer pipe to tlu' mmpreesor. 
By tills process the gas Rntcriiig tlirtiugli the inner tulie is moled, th*l 
cycle begiiining anew at tlie pump, until fiiiidly ntWr repnitisJ (fmliiiK \ 
and Pxpanaion in the apparatus the temperature fulls lo tliP critical I 
temperature and liiiurfHPtion rommenccs. ] 

Many gnneH are suppUccl tu the trade atriiiip;1y (M>inpn'SHi>d or liquelted I 
in wnuiKlit-irnn cvlindera, whidi under thtste ciinditimw lire attacked ( 
very little or not at all by the gases within tlicin. i 

6. Voliimr: Relations. i 

The vohimes of nil z;>Bes at any given temperature vary inveraely 
which they arc subjerted. and nSth unvarviiig 
fxpanaon of ,!, = 0.00366.5 of their volume at 

..._ - . ,. ... 1 t^inperature of 1° and a correap" Hiding coiitn&c- 

1 tor ei'cry decrease of 1° in temperature. For the explanation of 
this heliavior by Avogadro's hypotliesia sec p. \li. 

Uatiee follow the lan^ «f pressure and warming only when in a dilute 
oondilinn: strongly coinpresscd or cooled guwB ahow nion- or Ichs marked 
deviation from the laws, according to whether by pressure or cooling 
they rtin be mora or less readily eoiivertod into liquidR; that is, Uiey 
ehow these deviations when near to their tranafomiation into the liquid 
atAle. 

These varintions lead t« the conclusion that as the molecules eomv' 
closer together their own volumes become of greater moment and llw 
attraction of one tor the other (oohesioiil can l>c no longer n^lected. 
As a result of this mutual alln.ction the prcsfurc necessary to prnduot 
a given compression is lessened, ami this reduction of the pressun> i> 
found to be Hircctlv profmrtiona! to the square of the donsitv, and in- 
versely proportional lo the square ot the volume (Van dcr AVunla" theorvl. 
In the onliniiry chemicjil operations gases are not weiaheil bnl. sinee 
it is more convenient, their volume is measured, and fmm this (heir weight 
is caluulalMl. Since th« volume of a gas is dependent r 
plieric pressure and temperature (p. 16. \), as well as < 
vapor which it carries (see Water), everv measured ic;u 
must be nxlucnl to the normal volume (V.) which the d 
occupy af "" ' ' ' ' ~ 

volume i. 
gfatneea c: 



ine (n 
I 1. m <i»iiiiai vuiiiiun ^i„i wiiii-ii mc iineil gn^ would 

I Iwimmetric prewaure of 7fin mm. Tliis normal eit 
ti-n nierclv a mathematical assumption, since many suh- , 
o longer exist as leases at 0°. The reduction is carried oi 



by mtnns of tlie following tnntnita; V,= 

a,0(W«fi{i is the coefficient of expnnsion of 
temperature, and B Ihp obBer\-ed pressure 
metcni, Sintte the reinovdl o[ \vii(j;r vapor i 
measured is bniught in contact with — ■ - 



!'(/? -II-, 






' 760(1 -^ O.OnSfifiSD" 
CTSPB (p. 15. 1), rthe ohaerv . 
(heieht of baronipler) in niilli^ 



nillimct. 



ntcd V, 




n order Ihn 
'.'ipor, nnd then frtmi the oliaerved pre»ia 
V is «nbtracte<l equal in millirueletB ti 
the t«'nperature of observation. 
I's, with relation to the volume of ■ 
I ri.^wle^lge of its mole>-ulnr weight atW 
^1.429 gmins). 
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i. The cnuse of tliia reveraal of the spectn 
aw: A gas or vaporized sulwtance oliaoAiH tQ 
le periods of vibration us those which llie luU 
*hile it is tmiispiireiit to all otiier light ra^a, 
oouditioiiB the alieorption spectntni of s wh- 
» emission Bpeclrum. The dark liiies which 
ihe m-lf-luniiiious heavenly bodies are explnijied 
be aB8unie<l tlmt these budiea fonsiat of sn m- 
nucleus suirouiidert Iiv glowing gases or vapon. 
jtion epeclra til the heavenly hoihea vdtJi th« 
mients it is possible to determine nhat element! 
of the different hi'avenlv bodii-s. If the dirert 
n is cut (ifT, aa is Ihe cnse in a total eclipse, thn 
tied is tliat of the glowing gases auTTouiidiiw 
Its of bright lines corresponding to the (UfieKK 
I solar stniosphere, 

irtinn and liolalion of Light. 
IT liquids. 
4. Physicil Mixtures. 

le name applit^ to a phyaicalh 
different substances which can 
purely nieclianiral means. Physical niixtui 
nmpoundB as well as niechanical mi^itui 
and are produced hy a uniform mixing 
different Bulmtances ronatitutiiig the 
constituents is therefore more or less diffit 
iniual mixtures, nlioae constituents can ra 

Itliout reference to their actual stat* of a 
B solutions, and are accordingly 

Bolid solulions. They occupy an _.._ 

lical nibttures and ciiemical compotlnds. 



S^ 



id chemlm 



m^> 



i and Ownojn*. 



olutions, or gases are bmuglit into cootufej 
xiiig takes place until the conipKeition of t)i 
omenon is known as diffusion. 
[ liquids is determined by their nature, all g 
ct can mix in every proportiim without n' 

the gases. If, for example, a vessel oont.^ 

ed by one containing Iiydrot;en, althougli ti 
y-two times heavier than the hydrogen it D 
le hydrogen and the latter will work downwi 
itiire of the tn-o bernnies porfectlv uniform ti 

cif diffusion of a gas is inversely pn)porti<:d 
lensitv, so that, for esaniple. tlie rate of diffirf 
HI times as dense as hydrogen, is only one4ou 

covered with a lighter one with which it is m 



lliuui^. BiiLci U1C leiiiuviu ui WK nepiiiuuiu 

atanl composition is obtained. This tnLttun 

poitit than tlie origiiiul niixturc. atid on further fiiai 

this uieltine -point remaiiiB conataiit und tlic i 

la conipnsitiiiii. Sui'h a nibture is called 

hjfdratc, and the teniperature nt wliirh it coi 

A eviectic paint. 

e. lAqiiiii Snhdionit. 

These are the aolutions iti a restricted sense, ai 
liquida combine with either gases or ottier liquids 
new. entirely homogeneous liquid having new pnipt 

The Bolu'bility ii different and UHUally limited ( 
substances in thV satue solvent and for the same 
different solvents. It is dependent on the tempen 
in the case of gases, on the pressure. Indeed tlie 
pound can htl^'e a different »>1ul'iliiv acconliiig to . 
fiaaUon. The grester number of Inorganic compo 
in alcohol, while carlxin compounds mv mostly soli 
ether, and their solubility deereoses with an iiiereasini 

Solutions closely resemble cheniicsl conipounds; c 
of the dissolved substance with the solvent nfterr m 
for example, msnv anhydrous salts separate from 
tions with wuU<r nf cr>'StuUiiation. 

A mcire or lens completi' sfparation of the ctmstitL 
tjons can Ije effected by diBllllntinn. 

When a linuiil is ci.nvertixl into vapor and the var 
by c<M)liiij: the pr-iecss i.s culled (HnHliation. In thi 
gases are given off entirely or partially (p. 53) an 
are left Ijcliind. 

Rrtlipcnli-in is the repeated distillation of a liqu 
of completelv freeing it iriim adniixturtw. 

Dry diDlillolion is the decompoBition of non-vo 
pounds by heat out of contact with the air, as a rei 
liquid, and gaseous decomposition products are obt 

Fraftiitnai dUiilltit uin, see p. SI, 

A solution, wliicli contains so much of the diasol^ 
noAnr An •tvim oAnrfiti 



51 



'"•"in, „..'J>"«<.i," 'V'iied t """".V i.e ; f '^ 



» soluti_ 
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und ubove this lieinperature become again lliiuld. The g 
liiidnl Btilutiona ate called gclea or hydrogeles; they swe 
Id water by abmrblng it, ttnd many (liaBolve on ttie add 
water (e.g.. glue). 'Hiev can di«aolve cryBtalloids, but 
and penult Uieir diffusion (use of gelatine (or bacteria c 
graphic dry plates, etc,). The liquid colloidal Holutions i 
»o\cb; certain soks of the heavy metaU, (or example 
(old, exhibit the properties ot eiir.ytiieH and are Uit-refc 
inorganic enzyniea. Like organic enzymes, Uie action ot 
weakened by certain pfiieons. 

RELATIONS BETWEEN ATOMIC WEIGHT AND PRO 
THE ELEMENTS. 

If the elements are compared with one another wi 
their properties and their compounds, it is evident I 
X divided into group.-! or tumiliea, whose members she 
arity to one another. Other separate members of 
show relations to other groups and thus form connecting 
the groups. These relations of the element-* are mn 
iressed when they are arranged accor<iing to tlie niagn 
atomic weighU, when it is found tliat the Bueceec 
exhibit apparently irregularly iiicrea;<ing pn)pertice, b 
tlie passage of a given period, the chemical and physio 
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-^Osmium 19l', in.liTffl^mpiS^^^H 

^he elenienta stttndin^ bplow one another lu theen Buli|i;roupe foi 
ly similarly coDBtiLuh.-<l cunipounds. 

uithaiiuin, etc. ^Lantiianiun 138, C{>riuin 1411, Prnseodyiiiium 14 
kiyniium 144. 

■■ Uun ir,ii, r.n,l„li„him 156, Erbium I6fl, unci ThuUum 171 m 

ir-i .. [..;.K h—r-Fr-il in the eyslera. 

.i[>i'rUi» of the elemenlB which show a dire 

.hi lire included the sppcifif gravity aiid atoin 

I I'll. I'.' ' ,>. ji--il>iUty, fuxiliility, and volalilitv, the aperil 

fiwcr, ttie spi'ilic heat, the condueti^ilv tor h&l and elc 
the elertrorhemieal charHcter. All ii[ these properties sba 
Lin or inimiiiuni in the middle of the periods (borixonlal Powi 
T example: 
iThitd Period. K Ca V Cr Mn Fe Co Nl 

kgr. 0,87 1.6 a. 5 6.8 7.2 7.9 S.5 8.1 

Romic voL 45 4() 25.2 

(dUng-pMiit. 62' 700'" 

Third Period, Cu 

ip.gr 8.8 

itornic vol 7.2 

lelting-point 110()° 

In the CBBC of t^e element)) of many group:* (vertical rows) the ape< 



30UU° 3000" 1900" 1800° 1800' 1601 



Tavity, the fusibility, eK. 

Se<x)nd Group. Li 

1). gr, .. 0.59 

elSng-poinl. 180° 

JoUing-point. 900° 

Thini Group. Be 



icwoiglit. t'orexam 



11. B7 0.87 1.5 



e elements eontii 
^character; the hrst period irontains 2 in 



CHEMICAL AFFUnTY. ■ 

i 

The atudy of affinity includes the study of rliemicai mechanin 
the transform utio 1 1 of chemical etiergy into nieelianital energy 
une, surface, and motion energy), or into non-mechanical energy 
,t, ek-ctric, and radiant energy). 

II chemical reaetiona the production or ahsorjition of heat, eW 
ty, or liglit takes place, and these different sorts of energy an 
luced from all or a part of t!ie chemical energy. Conversely, 
.,elcctricity, and light are oflcn tliecau.>ie of chemical reactions, and 
ng their progress an equivalent transformation of the givet 
rgy into chemical energy lakeH place. 

Chemical energy is the most complex of all forms of energy aiK 
least understood, and the only method by which it can be rnor 
icly investigated is by transfonnitig il into other forms of energy 
a simplest to transform it into heal. 

The knowledge of the actual nature of chemical affinity iri at pm 
as unfathomable ae that of gravity, but great progreiis has beei 
le in the etudy of its action, as well as its dependence on masa 
iperature, and pressure. The considers I ion of the different form 
ihemical reactions leads to the conclusion that the assumption of 
le of affinity considered as a force of attraction is not only □ 
e ailvantage in explaining chemical reaction)^, but is often direct! 
trary to experience. 
F..- ^..,..,,lr whpn wnter fH.OI acis on Rlowinir imn CFet. fcrro 



I.e., in ine numBPr oi BUbsiaiu*!? imiilii uam^a^imr^m 
ince A has affinity for B as well as for D. f>iin-'e this 
ct aimultaiieoasly, the sj-atem comes into equilibrium wl 
uantities of the four possible compounds have been formi 

The law of mass action shows the siffniiiivtion of the co 
[ substaiitcs on the progrere of clienuc^ rcnotions, layg the 
or the iiiveati^atioD of chemical Htnlira bui] dvtiaitiips, and 
ignificanoe, since with the help of this law, ■mth proper co 
if the nature of the substances involveii, the temperature an 
t b poteible to deduce nutthematimlly the relations betweer 
iljes of tJie reacting substances and Ihrir action and lo reaeli 
lonoluaionH in respect to the velocity of reactions and in respect 
Kjuilibrium. 

I. Chemical Statics. 
I Chemical atiitics treats of the eciuilibriiim relatione w 
after a chemical reaction has proeeeded for a certain peri 
according to the law of mass action, the tendency with wt 
stance strives to undergo transformation increases with 
tration, therefore in a chemical reaction, as a result of ll 
in the Miginal substances, their tendency to transformatic 
constantly weaJcer, and on the other hand, us a result of t 
in the products, their tendency to produce retransformalii 
constantly greater: finally, in this way the mutual action 
stances will cease, since now the produet;;, in the quantiti 
they have formed, will have a tendency to again rep 
original substances. The chemical reaction therefore ( 
standstill before it is completed, that is, the system t&u 
of equilibrium. 

Every mieh state of equilibrium ia really not to be 







greater 
salt a.ud 
■ than ihu vciluma 



tV*^ ill presaure ifi !*'"•'»« >s are duwolved 
e^^e^^^-y to diiAv" 

i^\,c »^pTescnt, Etortv *^V'' *'l*at '" w'lieh onl^ one aub- 
> **t«ie8 ot aKKi-eK«t- phyairal staiidpoint is that 

!^it * between iee^-i V* '*^ * aubatanpe, e.g., between 
■a-V^^nX- •* '" *-liat ^1 - .^*'ater and water vapor; from 
^poi" ^oleexUpj* of >.;.■?. * O'^cure when cooiptex mole- 

n( *^^ (w>"3tituei\»ir\ *='^-. order, nftmely. wiieii two, 
S.-"-ff,b»™> bMweS w" .?"""'; '""k.;'" "''-T^' 

'."S'i-w"" (p. «;w'iu?'„;™;ofte;'"'"'"™"""* 
t 8«>s^,c^';:'»- Y'"> °~ •-hL ...- 






alio' 



aiKither, th(! solution of 
the (ittioii 



*i tiercel 



-ri-tt* ^,- I oil .1 ^---"^ a« me same, "ui oniy 

'S^ rf w'V" ,1 '^ »'"cliea takiriK part in the 
f Tl^ereto!" t^ ayste,« M/y.^Mo, has onl; 
^■-.«n CftC0,;=±O«O ^CO, oitiv two mmpom 



clieniical eijuilibrimn not all aloma 
'" ?, but only the BmalleBt 

I the equjLbriuLn 
..f..--i.<vj iiiia only one com- 
""»v8teii> y-"!—'-"'-- --V v», oiilv two components. As a 
' iL aiiV g'*?'" **y**'*^\T> !»s Diaiiv components ore to be taken 
^5f ,ne'«b«^" ^"^ t-Ue system* minus one. 

^^ equilibrium ia tliat in which hU the components 
^aicaliy ^^^ cheinic.aWy honiogcueous sj-steni, e.g., as gasos, 
["l^wdsT ** soiuliotit*, ete. This form of equilibrium exists 
'"Lus chemical ayst^mrt H,0i3H,+ and N,0,i=t2NO„ 
,^d clwiWCBl system f ,H ,OH+ CH,COOHrfCH,COOC^,+ 

■rfpoce ot *°^'"* solutions (p. 49) and the power poiweiBed 
'r^ftuM iiiW other solids (p. 46) &llow tlie assumption that 

** ^rtlv «iUdi(y'"K mixtures {e.g., in «Uovs) a condition of 

,'°^S^«^V'"" ";? *^'"^> ...imUb^uin can exist, although in 
™ ^ cliwoical action 

(^•^ur. It except i 
[progeneous or iMm-hoiiiogrneous equilibriiim is that in whirh 

LoiKiiientB are present in different states of aggregation and 

form a heterose»«"»s a>-steni. It is reprpsented l\v llie cliemical 
tlcO (■«iVuU^Cad (solid) + (;0, (goa), and further by the 

iuj'stem* KSO, (solid) =^K NO, (dissolved), H,0 (iiquid)^H,0 

L H,0 (aoUd)=iH,0 aiquid). 

'ondensed equilibrium is that form of lieterogeneous equilibrium 

rhirh no ga.'ionus components are present, or if present can be 

Ktwi. 
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GENERAL CHEMISTRY. 



The chemically and jihysieally liomogeneous parts of which 
heterof^ueoua system is built up are calknl phaget; they can be mechati!' 
ically separated from one another aud the separate phases cau be 
physical mixCurea as well aa chemical substances. 

For EJcample, the system Water + Water \'apor consists of two phoset, 
the system lee + Water + Wat«r vupor of three phages, UieevstetuCoCd 
(soUd)j=!CaO (solid) 4 CO, (gasl of tliree phases, the syslein 3Ke (aoMj 
+4UUH (vaporli=!Fe,0, (aoUd)+4H, (gas) of three pliases, m\<x Uw 
water vapor and the liydrogen gas, Pike all iiaseB, constitute uiilv oils 
phase, since they represent in all parts chemically and physically horn* 
geneous mixtures. 

The degree of treodom stands in a definite relation to the phsMi 
a helero^neoua system. By degree of freedom is understood the eoa 
ditioiis (I.e., pressure, temperature, and volume relations), which 
be optionally ehoaeu without thereby altering the equilibrium of 
Bys^em. For example, the system Water + Water vapor, cunsis 
o'f tn-o phases, has one freedom, iiamelr, either the presaurD or tlie t 
perature can be chosen as desired without altering the system. If ._ 
pressure is fixed then the syslcm can exist only at a perfectly deSnit 
temperature, if the temperature if fixed then the system ean exist on( 
at a perfectlv definite pressure. The system Ite + \Vut«r + Water vapoi 
consisting of three phases, has no frpcdom and can therefore exist aa| 
at a perfectly definite pressure (4.6 mm.) and a definite temperatiu 
{ -^0.(X!7°). ^ 

Also every elementary substance has two freedoms for every state 
agsre^tion, i.e., of its three vurinble i]Uantiiies. pressure, temperature 
(uid volume, two can be altered as desired vrilhout changing the Btal 
of aggregation. 

Everi- system of eiiuilihrium consisting of one component has within 
pliaaes one' freedom, with three phases no freedoni; for e\er\' turtht 
component the number of freedoms increases by one; therefore th 
ayatem CaCO^;aO+CO„ consisting of two constituents fp. 02) an 
three phases (above), has one freedom. Hence follows the phase rule ( 
Gibbs: KquHibriitm frieU vhtn thr siiwi of the phntes (F) and the detprtt t 
Iretihim {¥) nf a systimi ix equal In two moTt than the eomvonrnti (B) (m 
p. 0;!1, that ia, when P4-F=n + 2. 

With the assistance of the phase rule, the number of degreips of freedoL 
on the one hand, and the number of phases on the other, which for th 
given eoniponents of n svst^-m must be present in a state of equilibnum 
can be readily calculated Ijeforeliand, since F^B-^S-Pand P=B + 2- 
From the latter it follows" If a hptemgeneous system is in a slate i 
complete equilibrium then one pha« more must be present than ll 
number of the components, if more phases are present then e(|uilibriu 
of the separate phase* is only possible at a definite temperature, prensui^ 
and concentration. If less pliaseR are present, then the equilibriuiii ii 
incomplete. 

All systems of equilibrium with equal decrees of freedom show 
plete ngfeement in their behavior it Ilie factors (i.e., pressure, teni 
ture, or volume), which influence the equilibrium, arc allowed to 
tinuously abcr. Since the ileirree of freedom ean be calculated wit 
the help of the phase rule, this ml'' also sertes for dividing systems < 



, pressure, temper^ 
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MtqiiauliUraol hcHt nre set liu , .ml ll.J IJIlUIILIL.l UMi 
also on the change in Die state of tlie siibslitiireB wliiv 
given clinnifal process. Tberpfore I lie quiinlity c 
or ab»iriied in a (^1iei»ipal process c.inriot, »« was fi 
serve as a measure of tlie afniiily of Ihn ipveit substu: 

According to whether heat la produced or absort 
reaction the reaction is called exotliennie or endolh 
a substance is called exothermic or eudotherinic acc< 
in its formatiou heat is set free or absorbed. Ex' 
are powtive heat reactions, endothermic are negativ 
The heat is measured in heat-units or calories, a lurf 
being the quantity of heot required to ivarm I kilof 
a small calorie ("Cal.) the quantity of hfiit require! 
of wat«r 1". 

In order to allow the aininlest comparison thi; heai 
on tlie ha,s\a of the gram-unit, but on the bads cf 
rorrespoiiHiiig to the iiuml^icr of atoms which combir 
eule. The heat values are mostly liased on the state 
atanCF!) exist at l'i° 

The heat is distinguished as the heat of solution, 
tiie heat of fonnntioti, the heal of decnm posit ion, t 
■atioii, and the heat of rombustioii ; Further, as th< 
(i.e.. the heat which results on the combination of 
defiiiile number of water molecules! and as the heat 
the heat which results from the fpllttini; up of a dissi 
its inns). Tlie heat calculated on the basis of the g( 
given substance is called the moteculiir heat of solu 
non, etc. 

The mix inp-colori meter is used in measuring th 
mluliona. It consists of a ve'<sel of metal or elasa 
tng sulwtaiicea are mixerf, their temperature navi 
' ' ■forchajd. T he qunntit; of heat ia c 



Bqiiatiims ivhicli include the energy scT 

1 the fomi of heat, are culled therm ochemical equnlioite. 
e evolution of heat which accom panics a chemkal prod) 
fcya the same whether the process lakes plaee in one step or v^ 
|as»es through a number of intermediate procesiws (Law of Hta 
□ diaaolviDg 30 i>rams of poiasEium id 36,4 gnt 
nolv<Ml hydrochloric acid a quantily of lieat equal to 61. S Q 
Blved, and the final re^ault ia tlip auiiie whether the proeess takcHJ 
■ -e atep: K + HC1-KC1 + H + H1.8, or whether it taltus placets 
ona: K+[U>-KOH + H + 41.8 CaL and KUH + Ha-| 
-13.7 Cal. The law is very important, shicc it makes it pdl 
r ealc-ulute the heat in many cbscb where it cannot lie detail 
Irectly- for exauiple, the heal of toniiation of carbon monoxide; 
l-2({.3 CaL is deduced from tJie comliiution ot cjirtwn to carlion d^ 
f + 20=COj4-lM.3 CaL, and from the combustion of carbon mo^ 
Id carbon dioxide: CO+0-CO,+68 CaL; therefore 94.3 CaL- 08 « 
[6.3 Cal. 

In many chemical reactions there ia a tendency to produce 1 
ubstances whose formation is accompanied by the evolutiij 
he (rreatewt quantity of heat (principle of ma.ximiim work), I 
■xample, in a system consisting of potas»iuni+chlorine-l-br| 
(otaasium chloride (KCl) and not pota-tsiiim bromide (KBr) ii 
ince K-l-Br-KBr+90 CaL; K+Cl -KCl-1- 106 Cal, 

Accordingly, a chemical reaction Kenemllv takes place r 
I the reaulll'ig producla have an opportunity to enter into a I 
paction, since in this caae a greater quantity of heat Is produced 
xample. chlorinn decomposes water only vcrv slowlv; H,<)l 
HCl + O + lO CaL; hut if the osvaen can immeiliatelv exert ar 
hemieal action fas is the ease, for example, in the presence oil 
ioxide (SO,), then a rapid dccotii posit ion ot the water takiT 
H/>+2Cl + .'!0, = H,SO.+2Ha + 74 Cal. 

' 1 work has not the uni\'cn«i! a 

1. applies lo such reartions i 



s'> certain ,'7' dj.^^I ., '"» ort^i' "f 

"d^" not a,^^,2'«.^'-t,,J'i. a^^'™».rtu« 

„k» place ^vHl "'»2H + 2,"'"-"»l-»M,.|„£ I 




■ VZSTfty 



ittxipisn. 



^",r«"";"" ■■ Wt.ow,, V " .<l""1cre,it Dumber of t. 

'";«« »« on «-„,„_ _ °"'= >"»"'"■ 



^ct on Water 
after 



i° >f each otT.„: f^Tr? "- 

f% \ o* gxample ♦ - ■^'-»rt« luielectnlied, monatomic, 



*^'*tnbiiit' to form free moie- 

llieir electric charges 

kewise nictal ioiis whose 



e chlorine atoms will 
negative hydroxyl iona 
positive copper ion will 



iP^\oloi^^,tmo^«'^^le. etc 
^tv^V e\e.tT\e^Uy oppositely charged ions do not 
''iel^^ \ccl""^"^>"^ ?'^**^^»«« *^o'' I"- explained by the 
*,„ iW« ^.v,c\I n™'"*^"^ l» very small as eompared to the 
Zt^ VW^ \,.WcH ^'^ *»etweo« them, so that tlie latter acta 
v>fi'^'^^ i t\i\s lotion is exejiter the more the quantity of 
^ \(*«^''"''V«"^^' °' ^^"^^^ dissociating liquid) exceeds that 
■ *^ .^ t'nS '\ -^Vietet*"^^ vn- concentrated solutions the possi- 
"'^ A'*''''' (irttiftcA 'i"'"* ■^'■'^^^ combine tn form non-conducting, 



il ** . 



, eVed"' 



l^* ^ ^iBsnCTatw^i «^«nrtpounds is much greater, since 



^^li^<^ ^Z^m%^^'-^''^y separated from 



e another. 



P^ l\ie electricity supplied to the solution 



■nfi V'u^r- , ^^ed ""'' "V *•"« movement oi tiie el 
A\^'^",'l\,^ ^Vecttod^; Sinrc, for example, the 



s to ^he 



■■ positive 
e nc^iativciy charged electrode and tlierefore 
,1111"--- - .^.g yp tlieir electricity to it, they can no 

'..^.p y>«'arAs ^'"* j^parale at tlie electrode as atoms or groups 

■,",i,,jre\i*l^'""^' " .^^^ unilergo n similar change at the posi- 
,i aim- ''■^* r^^^nA ^s ^ resvilt of this giving up of electricity 
iiielvt''*'^ L lution receives at each of these points an 

,, th« electfWlcs^ the so ^^^^^ ^^^ pi^ctrodes arc- charged, and this 
^^^ nf ''*"*'"'^'^-' !"\v,p repelled ions (namely, the ions which carry 
etertiioity moves w^thtn■ ^^^^ repelling electrodes) through the 

liquid to the other eiecin ^^^ .^^ ^^.^j^ conduct the electricity, 
Since it is excluBivelj u ^^^^^ ^ j^ produced bv the in- 

Bfote with fta increase m <;" 



going prcii-pRs u suit una aoliUtllV lOniLMI 111 llll! HUmiUI),T 
neutralization wuuld iMirreflpim^ to the lieat of fcimiatii 
salt (nhicli has a difFerent value for dilTcrent salts). I 
dilute Bolutioiis of diffeTeiil neutral wits are nii.veil (wh 
precipitate one another), there is no thernial effect pt 
thermal neutmlilv): which shows that tlic inna of iht 
remahi tide by side uncoiiihined id the solution, namely 
no chsDEe in i^ndition t.ike? plaee. A dilute solution of 
of NaNO. + KCl are theti?forc identical and both contain 
NO,' + K+Cl'. 

Neutral salts of weak acide can show alkaline rcactj 
Botutions, tialti< of weak bet«s can show acid rcactic 
restilt of tiie liydroljlic dissociaiion, i.e., disioociat 
action of tlie ione of water, as a result of which the 
acids on the one hand xplit up into non-<iissnciating ( 
ing) acids and distiociatrd bawes, on the other hand 1 
weaker baseR split up into undiBSDCiat«d (not al 
bases and diswciated acids. 

The elcelrical eondurtivity of absolulcly pure wat« 
tremely sliglit. but still measurable, shows that even i 
disaociated into iU ioim H- xnd UH' (p. 78). These ion 
bine with the caiiinis and anions produced on diMnlvin 
in water to form undisBoeiated acids or bases, since the alif 
acids and bases refitupe no more H" or (>H' ions tn prevei 
tion than are present in the »Bter. Small quantities c 
Buffieient to csiine a partial re-formation of acid or b& 
other hand tht- stronger acids and bases rcnwio dissocin 
Bponding acid or Imsic r<»etion must appear. 

For exaniple. potaaHium cyanide, HON, a salt of t 
cyanic acid HON and the strong base KOH, when dit 
cshlbitA the alkaline reaction of the OH' ionn and the ch 
of nndissoeiated hydrocyanic acid, although the K- iona 
trolyticdiggociationdonot react alkaline and the CN' ion 
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UoTOioal onorgj- and radiaut 

^«»io*l Energy !„*« It*di»z,t Energy. 
* acoom,>«.,xieci foy tho aevclopment of 
(set- O.-ty^oi^^. I„ tUis process a part 

J reacting sut,stances is set free as heat 
; first ai:>pc-a.rs a_^ lieat which raises tlie 
S so lugh tUa.t tli^y radiate visible bght. 

the tlii-cot tratisformation of chemical 
(, as i^ illiistt-a.t.e<A Vty tlie brilliancy of 
Ksrature of -vvliicli is* only about 1350° but 
y if tlio exioT-nriiou^ development of ligl it 
re alone Tl-ie lij:ri,t. pr<Kluced by ficlf- 

1, l*aet.o»-ia.) *».ls*<_» cl*_-j>entls on chemical 

no eW-vi»t.ioi»^ of t«?nc» i^erature- 
'ith a fla,«r»»c-, xx»r».i»y only with flowing; 
Lndes«_-encrt? lj»y "tVie com V>\irition process and 
ice^s t>\im -witl"* ^ fla.x-«»c which are com- 
■elop cc»ro't>vxs't,llol^ gas*ea from their own 

=»,ticl iroT* V>*xrT» osilv -wr\-t>i incandesrenp* since 

ae«. -V^'.^o<A, c-oaV. t^aUo-w. eW.. bum willi a 

^t of t.l-»e "»*«?:o-t -t-^-vey produce gaawus, com- 

.cl». 

as or T»on-\vitT^\i-.<.»-i»; the luminosity ia 

ii€^ntle«c.*?ir»t »<^.lV<i sxibslanws in the flame 

tie teTni^e^^^-*-^*^^ a.n.<i density of the burning 

-^ »^^«^ ^2,117., « Vixini with lumina 



1^ » f 



they tc>^,^ <>•.. -.V^^CSf i* tC «.n.e. Wh.» 






, the uou-combustible gasL'S ndUfi 
Miiiiy substoiict-^ mbicli burn in the air with a n 



bum in pure oxygen with a luuiiiiiius fiuiiip, since iu Ihe lol 

flame a not cooled by the inert nilro^t>i] of the air and tlicM 

r temperature and further becaiwe the producla of 



in vesHela cannot eaciipe so rapidly will< tlie removal of h^ 

. The luminosity of the onJinary illutuinating materials I 
fact lliat finely dividfd carbon si'iMiraU-s out in tliem as 
to a white iitot. This can be demonstrated by holding ^ 
in the (Uunc and oLiserviug the carbon \s hich is deposited fl 

In tlie WelsbttL'h liglit a fabric composed of 39 per ct 
and 1 per ceat. cerium is hejited in a non-luminous flaiD 
descence. 

The flame of mar^b-Raa (CIIJ is non-luniinouH; the flams 
{C^,).on the fonirarv,!-^ \fry hrillimit l"rini^i- it contai ' 
carlxin in tlie mcilouul.' :i^ tli.' fiirinr-r. :ini( (lii> t^rf:it qu 
if too much oxygen lU—.-. rir>l r'-adi ilic ILnin. id is not I 
but separates out in a finish ili' iili-l >i;,ii' iiml liiionies 

Mnrah-(iBs, hydrofion t'''-."'"' 'irl"'ii Tiiiiiiii\i.|i' ^ns bu* 

thiminouB fla'mes becauHu tlicir proUucia of eonibustion — 
ef a gaseous nature. 
Flames consist of an envelope i f plowing pBs, while in 
isf the (lame (because of a luck of that gag nhirh surroun 
iUkd miuntAinfi it) no combustion anil accDrdingly no high 
«n exist; the interior of the flame consists of unbumo 
cold. 

The ordinan-. luminous flame eonsirrt* of tlireri parts: t) 
part I'onaists of the gimee still unbunied Cliydrocarbons, eap 
fene) which are formed from the t'econiporation of the wi 
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- 2H 

Hydrogen, 



.i^ronliiig to coniptwitioii wc iliiferenti 
free acidn aiitl those wliirh coniAiii oxygen (ox} 
called mono-, di-, tri-, olc, liusic liiioiiu-, di-, 
mono-, di-, tri-, etc., Iiydric) acids Hccurditig to « 
one, two, three, etc., alonis of hydrugen rcplaceal 
Arid aiikydride», acidic oxidcK (also incorrecl 
acids), are those oxides produced by rcinoving a 
tlip correspondinK quantity of oxygen, in tlie fon 
or more molecules of an oxyacid; for example: 
H^SO. - SO, + H,0 2H,P0. - 1 

SuJphuric SulritaiiriF Pbnephunc Pba 

»:i(). iinhy.lridB. ulil. anh 

In the same manner the sulphooeitls yield anl 
ing H^S; thus. 2H,AsS,-As^S,4-:!H,S. 

The acid anhydrides do not have any aci* 
with water, forining aridw again. 

Arid radieala arc the gn>u[is iilitatned ui 
groups OH from a molwule of nxynrids (ofte 
for example: 

SO, acid rmiical of sulphuric acid S( 
NO, " " " nitric 
PO " " " phospljprir ' 
Oxygen frre aridn mv designated by at! 
the element or group forming the aiitl, Ihii; 



jIojrE.vcz.^, 



t^-RE. 






ic acid; U,SO., aul- 

"■ ■ 1- .Vp i^-— .- ~^' ***'^ kuowu wc designate the one 
'""T Sol tT^"""-""" ""«; tt"". H.SO„«ulphm„o. 
'" , SeLlr """^-^ eW„U,^rek„o;n,,?heo» 
>*• ^i 1. r 1 ''"»»<> Ibol""), «lul. the richest i- 

■ "rirSSS"*"- «C10., Chloric „id. 

n a*)"" i^"- HCIO., Hyper or Perchloric B«id. 

CSTi"j.&~^'>'-'>'''!?^Soriid, HNoi „it„». 
B- Bases. 
I»und8 of Uyaroxvl groups HO" with maals, 
anngia contact witU an acid ropkce its hydrogen etilirdy 
, the metal contjiiiied in it, producing compounds of the 
il salu; for exatY»|>le: 



- NhNO, 



HOH 



1 
KaOH + UNO 

BwUum Nitric 

ojioi.d». .M_-ka. ■J'tJ^TJ: W""- 

jiuble io water tUe liase:^ Imvf a eau-stic tasu- and have an 
wlUim tbasic, p. Ji-^-) . According as the bases contain one, 
etc., hydroxy! groups ihey are called mono-, di-, tri-, etc., 
10-, tl\-, tri-, etc, valent or mono-, di-, Iri-, Indric bases). 
iri/ii/iirides are tliose oxides which are produced when all 
jeu eoin\Mn<Ml wVtU tlie corresponding quantity of o.\j-gen 
.removed trom oae or more molecules of a baw ; for example: 
C,0+H,O; Zn(,OH),-ZnO+H,0;2Fe(OH), = Fe,0,-l-:}H,0. 
une given to the base is uhtninwi by adding fhc word Ar/- 
1 the name ot t\\e clement forming the liasc. If an element 
fcral hydroxides then the designation is the snnie as the 
ding oxides <.p. 97); for example: FeCOH),, ferrous hydrox- 
)H),, ferric hydroxide. 

C. Salts. 
ire the compounds produced by completely or jiartly replac- 
" rpgen. of em acid by a metal. This can take place as fol- 




GSSlVit 



a double decotnpusiliuti lakes place \vithTli^oraiaHoiRni( 
KOH + HCl - KCl + HOH; 
Cfl(OHj,+ H,SO. -CaS0.+ 2HOH; 
CaO +HpiO,-CaSO.+ HOH. 

By an acid anhydride combining directly with a baeto 
thus, Fe,0,+ 3S0,-Fe,{S0.),. 

Normal or neulrtU salts are those which are obtainM 
of the replaceable liydrogen in an acid is replaced by a n 
of tliem have a neutral reaction (p. 85); still, manynora 
indeed acid salts ha^e an alkaline reaction when they 
from wi.'ak acids; ou the other hand many normal sa 
when they are derived from weak bases {see p. 86). 

In giving names to the oxysatts all the salts contAinini 
salt-fumiing element are given a generic name by rep 
lust syllable of the Latin nunie of the aeid-forming elem 
Bufiis ate for tliose richt-st in oxygen and the auifix He toi 
gous compound poorer in oxygen. 

For example; MClO Hvpnchlorite 

MClO, Chlorite 

Mao; Chlorate 
I MClO, Perchlorate 

L The aperial name is formed by ptai-iiii; the name of the met 
Ik hydrogen before the generic nanip. For example: 
■ ■ KCIO Potassium hvpochlorito 

I NaClO, Sodium clilohte 

NbCIOj Sodium chlorate 

AgClO, Silver perphlorate 

The special names of two salts which contain the 



I. NON-METALS OR METALLOIDS. 



Mine ^ the jieriodic system the elements belonging to l.bis 
re cliissi&ed as follows: 



Oxygen, 


Nitrogen, 


Helium, 


Carbon, 


Sulphur, 


Phosphorus 


1, Argon, 


Silicon, 


Selenium, 


Arsenie, 


Nf^on, 


Cermaniun 


Tellunum. 


Antimony, 


Krypton, 


Tin, 




Bismuth, 


Xenon. 


Lead. 




Boron. 







elements bismuth, germanium, tin, and lead, vhich have 

-etl metallic properties, will be treated of in connection with 

ds. 

3gpn hariily belong to either of the above groups, as it has 

aUoid luid metallic characteristics, and forms at the same 

type of all elements. 



P 



AU.I 



Hydrogen. 

lie weiglit 1.01-H. 



/ice. Free in small quantities in pases of volcanoes and 
roleum wells, enclosed in the potassium sails of Stass- 
rwck salt of Wieliczka, and in the meteoric iron of Lenarto. 
imposition of organic sulutances hydrogen is set free; 
■urs in the intestinal gases of man and certain animals 
M in the atmosphere. The chief quantity of hydrogen 
(ibination with oxvKtn as water; all plajita and animaln 
bined hydroe^n aa a chief constitnent. As shown by 
veia free hvdroften exists in lai^ quantities in the 6xed 
J jsurTounding the meandesecnt solar nucleus. 
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vol.. hydrogen a™ evol-v^ed at the ncga- 

maiiv compounda rich i„ ojcygen lo 
I decomposes into inei-cur-y an-J r.^™^- 
l,ox,a.<M„0,,, "hi.h i, ^o„Cf„"S'f^o 
givea off oxygen, 3Af nO, — M^ O -^^■'0 
.Mch decomposes int«> barivam monoxide 






1 rich ill oxygen, s\iel- 
1 persulp(>a.te, ptotaasi 
-r by he.-*"-" " „,..--^ 



copper oxide C^" 



e>. 



ciiehrotnale 
ot oliloride 



copper oxiuc v^**:*: tmss — _, . 

the cold by the aetion of ^^-^.tet- uixjii a 
I potassium ferrieya-iiicle <:»r l>v t.l»c; action 
:ides or percarHonates; of 1 lytlrorhlorio 
lioxideand manRanet^e dioxide; of eliloride 
anate upon hydrojgen p>ero3tide. etc, fsee 

, On heating bariviwxi rr>or»05cicle (BaO) 
irrent of air it is cor»vert:,«<i into barium 
i temperature tiecom ^>t>se;s into barium 
the pres'iure i« cl\r«-»ii-»\«Vio<i. On iti- 

laiising air thrr>».i^l"i -wt; ^^a.in obtaiD 
iiposes as above «ta.t,e;cl (p- T2). (Brin 



Tieating ralci\im x>\xim1=>ii.i.v7 v-»-»»2' •■">' - 



li eating ralci\i 

iir calcium pliimV>a,te \s 



CCa^PbO,! i 
-V, -,- <~y^. On heal. 
f om»etl < KnBsner s 



: \irniefH«"C.\ 
[ oxvgen <"» aceov»«»t 
consists of ab«:>\it 3?^0 






a.ir (p. 40 

evaporatiriR 

.-wer 1 oiliiig- 

oxvgell. 



lorle™, and ta«t,e\r,a» Kas, sV.Rhtly «>l"ble 
r than air, Wquefi o.\,Ac at. — 1 82= to a light 
1.12 Cp. *11 ■m<i -wX^icVv BoVxiifiea"'--'''^ 

^^eighs 1.420 B- at Of> o-TxA TSO mm.; hence 

. . 1.429 _ 

to »tr IS 1:593— ^■»^"=*- 

IR BCTVeo «u» ««. \»»aia (or the drtpr- 
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,. ■'"'■oij-^^ ^'UcJ, i, °' oopo i -^ ""Spends 
^ '""Dr. """> Wlft,r'!"''''"i-v.^ "»»»■, 






It high. 



-120° remain *^ *^ goes off at - 182°, while the 
tosa, m d««p i!^^"* *^ dee^blue liquid. 
fine, when Hot ^ bluwh gas Imving a peculiar 

mnea, »iciviefi„wi*'*^** **''''^^ ■-■aiiwiig an irritation 
explodes as U ■ **- ' ^''^'^- '""""'^ " ''i*!^"''"'' 

Hem, of heat, *t *^^***'*""'>' trai.sfomed in .,xyR<n 
Khtly so\\i\ \ " • "■ i^ readily s()liible in ethereal and 
fconvertoti ' *** ^'^' ****•"■ In the solution of name in 
*t.c» oxygen and hydroifen peroxide: 
mbines with 
krv tern ' — •— ""i™. ""J"" "■" an oxidizing 

^ ^ -""peratvires (especially when moist). Bright 

y OKone into black silver peroxide, white lead 
S*lSlO ***^*""^'"^«. black lea.1 sulphide (PbS) into 
L . . J '. ^^c. 1% dcvttroys all vi«etable pignieiit« 

n bleaching^ and oxidizes all organic Bubatances; 
ftnust not V>e u^ecl in lis preparation. 
ted tlxrongl^ a nia.s.s tube heated above 400°, it is 
pKyK«>r» gas, whrn the volume inereaaes one-half; 
f of oxone is otic-halt greater tlian that of oxygen, 

of 16. Henct- the triolectalar weight of ozone is 
|iollowrt th«t a nioleeiile of ozone contains 3 atoms 

> volumos of ozone yield 3 volumes of oxygen. 

lidernhlc addition of enerev taken 

rtc. This explains tlie great chemieal 

with owiiie 32,4 more ealoriea are 

idothemiic compound 

erted into oxygen gas witli explosive 



KPaper moistened with potassium iodide solution 
Tturn« faintly or deep blue, dejiending upon the 



I not ehsneed bv oxvjren, but bv ozone, on the 

oTLidiEed and the iodine set free: 0, + 2Kl + 

K,. Free iodine ran be detected bj' its property 

1 {Tiiaiacuni turns blue with ozone, 
kde also gives the reaction with potassiui 
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„ J .m.u»l. i» «"""■« fain, „j*''- o™"-™, j„ 

. -„ ihp evaporation of oil ^r "now; it is f„™, " *'erv 

„r. ii. gn-to'W) and combi' '" "» "lev Lj., '"■ 

L „J1 » i. the electrols-,,, „, „^^^ "•»«»„ „, ,i, p^ien " "°" 

f„«nlii>». 1- On pawing o«rh'„ ,. "'*'°'' 

► t^. Ji«»d. (IMO.) in .U.pc.„.i„™/;"'J« into ,.,„ , ,,. 
<^ Jphurio acid (^ 110) : "' »' "■" hlter .dd J ,„ jj** 

D«0.+ H,0+CO .B m 

The insoluble liarium carbonate or h 
I. liJlered off; the oblniaed dijutn = r""?"" ^tlphal* -,i.- , 
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fGAXIC CHEMISTftr. 

i, HyS, or HS-.SH, is obtained when a wuiery 
', for instance, of calcium diHulpliide (CaSj), 
to mi excess of dilute hydrorhloric iicid: 
RS, tp. 121). It forma a thick, yellow liquid 
which bleaches organic pignieiite, aitd 
|npoae«, but quicker on heating, into Hj!S+S. 
E probably has the formula H,H„ which body 
; unatalile hydrngeu {Mjly.iulphide produced: 
1 4H^, - H^S,+ 3H,S; -IH^- 2H^+ 2H,S. 

Mb. Compiiiiiiils ii:itk Oiygm. 

Hyposulphurous odd, H^O, 
\ Sulphurous acid, 11^, 

) Pyrosulphurous acid, H^^^ 



Hide, 8,0. 
ide, S,0, 






iulphui 






Persulphuric 
Oiy sulphuric 
Thiosulphuric acid, 
Qithionic acid, 
Trithionic acid, 
TetrathiODtc acid, 
Peatalhionic add. 



HJS,Or 
HAOr 
HACV 
rid can be 



onlv snlphuric aeid and pyrosulphuric a 

' acids are ouly known ii i affueiJiis solution 
Jh the anhydrides are nut kiiown. The last (our 
Lcids called polythionic acids (; 
aeid, pyro- and oxysulphuric 
cipitated by barium salt solutions from tlieir add 



i!!^hu 



ia. Sulphurous Anhydride, SO,. Occurrence. 



. On a lar^e ncale by burning sulphur 
or from the residue from the Lcblauc soila 



<\ heating copijer, carlKin, or sulpl 

Hi<0,+ C -2H,0+CX),+ 2SO,: 
H^SO.+ Cu - 2H,0+ CuSO.+ SO,; 
H^O,+ S -2H.O+2SO,- 
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and which form Ihe commercial [irodiict. Thoy fume strongly in 
Lir, OS Ihey are somewhut volutik' even at onliiiary teinperulures, 
the vapor absorbs water from the air, formiug sulphuric acid, 
;h immediately coodeiisca into anKill visible globulea. It dis- 
Bs in water with a Jiifwiiig .'ioiind with the production of great 
,, forming sulphuric acid: ,SOj+H,0 — H,yu,. 
Salpburic Acid. Oil of Vitriol. H^O. or HO-tiO,-OH, Occur- 
*, Free to very trivial extent iu certain volcanic springs 
America, and in the air in regions where large quantities of coal 

burnt. It occurs in large quantities combined u:^ sulpliates, of 
jch calcium sulphaU', C'aSO,, gy]«um, forms entire geological 
%\a, also us barium sulphate, Uh^O,, and strontium sulphate, 
u;,. Animab and plant fluids also contain sulpliates, generally 
thcttlkhli metals. 

Prtparalwri. I. In small quantities by boiling Hulpliur with 
nwntraled nitric acid: S+2HNO,-H,!:iO.+ 2NO. 

2. By dissolving sulphur trioxide prepared by the contact method 

vtlfT. On account of the ready and less dangerous transpnrta- 
wi of SO, it i** economical to prepare sulphuric acid by dissolving 
^,in water at the locality where it is to be used. For these reasons 
* (ollinririg method of preparation is used to a leys extent at the 
■ewnt day. 

,1, Ry the osidatioii of sulphur dioxide by nitric acid or its dccom- 
Mtlnn products in the prenen<» of water and air in cliambers lined 
ith Ifad plates (lead cliumliera). An aqueous .wlution of sulphur 
wide is only alowly oxidized into sulphuric acid by the oxygen of 
'.lirfp. 12(J); tmt this may be made to take place more quickly 
Ihp prescnee of contact substances or when compounds which 
lilv p'vp off oxygen art- present; such compoun<ls are nitric acid 
iO,) and nitropen ilioxide (NO,), which are reduced to nitric oxide 
H thorrby. 

V fMllphiir dioxide is prppan-d bv roaating the residues from the 
Bnr soda manurnctnre. the iron residues used in Ihe purifical.ion 
■tintt-inw (sef Polassiiim FPiTm'vanide),or by roaslinj; metallic 

pyiites rPhS). 

2FeS,+ nO= Fe,0,+-'SO.- 
le nitnc acid b iwnerated from 2NaN0^ + H^SO, by mtroducmg 
lixture into crucibles placed in Ihe roflsting-ovenB arid the vapors 



p||Wlit'l'l^t arsenic, antimony, boron, sili^| 
cliliirinc gas even at ordinarj- tpmpFratiires^| 
Clilorinp has very sLrong affinities for fa3^H 
vulunies of chlorine and hydrogi-n i-nnibH 
daylight, white in sunUght it immediil 
hydrochtoric acid. A hydrogen Hame bil 
vice versa (p. 109). Many iirganic am 
tarbon and hvdrogen lone their hydrogen 
hydroctiloric acid; thus paper moistened I 
pound of carl>on with hydrogen) wheo iJ 
inftamoi, and carbon ia set free, ChlorinM 
tlie air, but supports the comba-'tion of a. 
gua {a mixture of hydrocarlwns) with the 
(•ool). This phetiomcuon may lie expIaiiUf 
hydrogen of the respective eoinpound with i 
fnv of heat, which heats the (>as to a red 
present separates out. 

Chlorine destroyn all natural and many « 
« it nombines with the same or o\idixes then 
water it unites with the hydrogen of the hat 
oxygi-n: H,0-|-2CI -2HCI+0. Its diainfeo) 
dmtructioii of infectious and iKloriferous | 
aUo depends upon this fact. (I'de of chlo 
wati^r for bleni'liing anddia 
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. Ccnpou^, ^^ ««d.„9™. 



oiide, liydrochloric A. ■ ^ 

canoe, and lo a 8U„^■^ "*■""• Occmemi. Tm 

A mixture or *',•""«■« in gaatnc juice, 

npt unchanged ,„ t.,!. , ^"'^ma of hydrogen iind 
ndi™ct.u,.light thi" '"'''■• .ndifi„«d daylight they 
foming hydrochloriir combine immedmldy »ith ex- 
^ » ".nionc ac,U. The yolnmc o! the gaa 

!tion of chlorine upor. „„ter and many organic 

I. Fmm crude Kydroohloric «^id (ree belo«) by 

,red on a larRe seale i„ the Leblanc «ida manu- 
ig sodium chlortdo -with sulphuric acid: 

■JaCl + H,SO, — ISIa.,KO, + 2Ha. 

BUlnhBia. acid. 

sulphate oVit,a.»r»c<i as a by-product is used in the 
glass or \s t;onv«^rt.^«i into sodium sulphide, Na^, 
I themanvifa.ct.«r«* of cellulose. 

•e scale by pai=wi«^{5 s?UY>*;rheat<Ki Btcam over magnesium 
I), which is ot>t.a.ineci »s a by-product in many chpmical 

2MgCl,+ Vl,0 =MgO.MgCI,+ 2HCI. 

Colorless, irvitatirig gaa which is non- combustible 
oes not support, combustion. It is 1.25 times heavier 
les in the a\r (.bcca.v»we it ab.'rtracts water therefrom and 
irochloric acid, -n^-VaioIi separates as it vapor), hquefiable 
rming a colorless** Wqwid which solidifies at -116". 
jme of water <i\s«4ol-ves 450 volumes of this gas at 1.5" 
heremth a f\im\n^, colorless, strongly acid liquid havine 
ravity of 1.21, wUicU contains 43 per cent, by weight of 




Compounds with Oxygen, 
Chlorine monoxide, C1,0, HypocWor 

Chloride dioxide, C!n_. — 

(Chlorine Uionde, 01,0^) (Chlorous a 

Chlorine telioiide, Cl,0,. — 

[Chlorine peoloiide, C1,0, ) 
Chlorine beptoride, C1,0,. 

Chlorine tnoxide and chlorine penUmide are only known mixed as 
chkicine Wlroxide; chlorous acid is only known in the form of its salM, 
thf thlonlcs (p. 138). 

Chlorioe Honomde, C1,0. Preparalian Cooled chlorine gas is pasaed 
over uieirury uxide (UgO) and the vapora produced condensed in a 
BWliiii! mixture: HgO + 4Cl=HECl, + Cl,0 

Pmperttf» It foruia a red liquid which boila at 4-5° and then romia 
, ytUowiah-rwi, puisonous. strongly oxidising gas witli a diaaRreeaLile 
odor. It soon dei'onipoBee inlo its coiislituenta. which can be brought 
about especially by shock, hcMiting, or in contact with oxidiiing aub- 
(Ijncea, otlcn will! an explosion. 

HrpocMotous Acid, HCIO. P.-fparaiton. Chlorine monoxide is very 



HtjwcMi 
lul>le 111 > 



xide again, so that anhydrous 
ULiu IB not known. 

Praperiifs. The dilute, nearly colorless solution may be distilled with- 
oui decomposition; the concentrated yellow solution decomposes on 
hfatnif and in the sunlight with the formation of chloric acid and clilo- 
rihe: 3HCIO=2HCI + HCIO,; 2HC10 + 2HC1=4CI + 2H,0. With hydro- 
fhlonc arid il evolves all the chlorine of both compounds: HCIO + HCI— 
[l.U-i-CI, It IS a very weak acid, which does not decompose carbonates, 
i'i:i -f B very sironj; oxidiiing asetit. 

Ilvpochlontes are also reaaily decomposable and strong oxidising 
.;iiila. They are prepared by saturating HCIO with the respective 
:.\-p$. Commercially they are obtained, mixed with chlondea, by 
yifiog ehlonne (generally electrolytically prepared) into cold and dilute 
sdIuUobb of the strong bases: 

2NaOH + 2C1= NaClO + NaCI +H,0, 

Bodium Snttiuin Sodium 

hjdroiida bypochJonle. e blonde 

Nitric acid sets hypochlorous acid free from the hypochlorites, and 
tUtcan be separated by distillation: NuCIO + HNO.-NaNO. + HCIO. 
K^rdrochlanc acid nets chlorine free, and certain metallic oxides generate 
oijfenfrom hypochlontea (see Chloride of Lime), 

Chloritie Dioxide, C10„ or Chlorine Tetroxide, a,0, (formerly 
tilled Hypocliloric Acid). Pre-panUiim. Small quantities of potas- 
aum chlnrat* (KClOj) are gradually and carefully added to concen- 
tnlcd liulphunc acid and then distilled at u temperature not above 



BROMINE. 
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I the diatillatioti of bromides with concentrated sulphuric add 
e also obtain hydrobromic acid, but this in part is imraediatdy 
(Compiiaed so that also free bromine and sulphur dioxide are pro- 
Itfwd; 2HBr+H^O.-2H,0+2Br+SO,. 

3. U phosphorus bromide is warmed with water, or if we allow 
(fcmuie to How Into amorphous phosphorus under water, we obtaiD 
mic acid: 



r 



4. By paasinR H,S into water containing bromine and expelling 
the ex«sg oF K^ by careful warming, we obtain an aqueous solutiou 
of hydmhromic acid: H,S+2Br"2HBr+S. 

Hj-drobromic acid may also be obtained hy the action of Br 
opoD organic hydrogen compounds such as naphthalene, C|„H,. 

Bnmides are obtained in a manner analogous to the chlorides 
(aeeflbo Potaaainm Bromide), 

Prupcrtiea. Colorless gaa, irritating odor, fumes in the air, partly 
decomposea at 800°, iiquefiable at -73" and solidifying at -120°, 
and very readily soluble in water. Its watery solution boils at 125° 
(p, 53) and then contains 48 per cent. HBr and has a specific gravity 
of 1.49. This solution turns red in the air, due to the separation of 
bwnine: 2HBr+0 -H,0+2Br. 

Dtkelion. 1. Silver nitrate precipitates yellowish-white silver 
luwnide, AgBr, from solutions of HBr or of bromides. This precipi- 
ate is insoluble in nitric acid, but soluble in considerable ammonia, 
ad darkens in the light. 

3. If a solution of HBr or a bromide is treated with chloririe- 
ater, the bromine is set free, which, when shaken with carbon 
^^ide, gives a reddish-brown color thereto. 



b. Compoxinds with Oxygen. 
Hjpobromous acid, H BrO. 



Brontic acid, 
Pirbromic acid, 



At the present time we di 
a bo vp- mentioned ojtyar 
I. They nre prepared i 
irine compounds. 



HBrO, 
HBrO,. 

«■ of any oxide of bromine, hut only 
these indeed only in walery solu- 
11111.' manner aa the corresponding 
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«n<no, 



but organic den""'" W,;, , « « .„ '' '^'-ve, 

«"• '» p"- «M. 6v! '"'»»..i ?"•<>«» •S:^'""' 



"""0, 



'"»«»oy.°"^'"' 
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*o«;s 



•Wei 



:'"^jj'o, 



*«tei-. 



i^mliusliWe. rcftaily- snl„v.i ■ . i ■ 
ri isB wsa't base. vD-.l '** '" ^^^'- ^la^^^K a ' 
'*"* ^ >tH the aldPhydcB It forms o 

J «atii are prodnt-efl Viv 
li one hvdrojEeTi «i - 

'"' « M^um^-. - '^'^jWian. By the wtion of 
."P°VsONO ""^te (SnO,) we obtain nitriroxidp- 
f^-T^tV.'^* ^*»»*^U yields hydra7.me when treated 
"Th Zk ScT^^^n* hydrogen {sodium ttT>ialp.m); 
'r -n.^!;^ *t:**a*^- Ou fractional distiltation of 
'"M^^^fJ^^*" >>y<imt*, NJI.-n.n, which yields anhv- 

^""'"'mTl?-!-''"*** havinn a pep.. Ii«r odor, volatile at 
Btures and lina.^iig „t 1 13' and fomitiR colorless crystals 
le cveii "I .imj , Hydmiine and its salts have a strong 

(^ Hytlrajiiiie combines with acids bvaddition, forming 
ts ''l"«"_"'^J^^Y oonsider as being formed by the bivalent 
mium. tl,>i Xtl,— , replacing 2 H atoms of tiie acid 
^*<",' ,'^''' -V*- '"' Hiattlie univalent radical. H.N-NH-. 
Win of the i\f\tX. tUus: H.N-NHl, (H.N-NH.JSO.; these 
, the roost stable. r>iainmonium sulphate. (N,H,)^.. 
ccouiil of Its >i>sol\»l)ilitv from solutions of aU tlie other 
ibytrcatniK t.ltetn with sulplimic add. 



■N^ 



Acia,HN<^' ' 



ivith sulplii 
F^rcparalion. 



I. An ice-^?otd aolutjon of 



(HNOjl is poured into an ice-cold solution otlivdrniinc: 

Ilia (NHj), vrlieti Vieated with metallic sodium, yields sodium 
1 wiiicli when. Vicafccd with nitrous oxide. SjO. yields the 
o( liydraKiiic aeid: 2NH^a + N,0 = NaN,+WB0H + NH^ 
this salt with dilute sulphuric arid, we obtain an aqueous 
hydrawic acid. 

e iiction of a solxition of nitrogen tricliloride in beniol (see 
^joptmhydrazitie: N,H, + NCI,= N.H+3HCI. The hydra- 
lui obtained can Vie made anhydrous by careful distillation 
ent wilh calciuin ehloride. 

tt. Colorless, poisonous, caustic, stmngly acid liquid, boiling 
1 having an Intolerahle odor. With glownii;; bodies, but often 
AiKOUsty, it explodes witli (treat violence. Mlsclble with 
1 walei, and the aqueous solution can only be kept with safety; 
■ nil inelals wiiieh art- solulile in HCl. 

HMtea oraiides, are similar In every respect to the salts of hydro- 
id with ibe exception that they all readily explode. Silver 
nvipitates wliito aiU'er hydruatale. N^\g; rnercuroua nitrat« 
ea while inertiurous hyiira;ioate, N,Hg. 



....... ,^ ^„^ 

ot, combine witij "^ xvf" ■' 

volume ..(this K»°*J'Rfi,'™,>"™" -^.O+oH ■;,"" '^'^ 

.» mlion, oxUi *»t>sU W.I l""- 

to the volume ,'c'*"d „ ,"" etlclol«v^ . , 
™ib»i«lo,vii-,»na a" "«. A, §"",°nreffii, „S°"»M., 

liooiaAaa, !«>"'«{,■??'«'' IS- S'-afpap'i'fJ" o»i* 

S^po^ r. ""T"'^H H.VO ■'"■-•""-?«"«• 

V wo:\,">^ «n,i?,"»; »'li'.^°'#'«°;; Ju,t" 



free 1, 
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"'*- ' '" 




'^'^ "=^^o.Mi&L ^O, + N0, wilhth.fonI»- 
>-a8o.<-0^'"^•""•■'•'^'■ 



Occiirreiux. As ammonium 



xietl to I ,. ^^ air, 111 rain-water, ill many 
(K.t\or\ "S"*. extent on the evaporuliua 

itontifiv - '^■>e electric spark upon moist 

Lion o( ' vJ* '^^^ combustion processes in the 
rais of ^ ^^^I'^'oi-'is in the air, on ranting of 
nitr\l«. ^*'^**'*■ eomiiining mr: 2N" + 2H,0- 
*^ **>a.iiy plant juices, nasal i""'-"" 

1^*" ^--W^J"! nitrogen trioxide ...ij-ca 
1^ ' ^ , ^'■at.or, producing a blue liquid, which 
P *->, »i\ ssoUiiion, but wliich decomposes at 
*n xne {presence of considerable water; 

|at>le; t\iey m-e produced by saturating the 
^'^'■^ bases, oftencr by carefully heating 
- " ith sulphuric acid, they develop re<i- 
■le gas mixed with colorless nitric oxide 
jid vcmoves the water from the nitroas acid 
l+NO+KOj. Weak acids set nitrous acid 
immediately into HN0,+ 2N0+H,0. 
■inipof-itioii iiroduets have an oxidising aetion, 
Ipmt-nts and set iodine free from iodine salts: 
B2I + 2NO. On the other hand, the nitrites, 
■lency to be converted into nitrates, have a 
I t.h«'y decolorize acidified solutions of jxitas- 
k NO,4- 2KMnO,+ 3H^0. - 3HN0,+ K^0.+ 



solution of nitrit«s on acidification with 
■ch paste and pntit«Hiiim iodide blue. 
■ es an inlense yellow with nitrite 

Biiine reaction as with nilric acid. 



■ Jiff-'"*!, ait,. ^^^ 

, , >pm'« f' J troo' tins i> ". a^ "a 8i_«; 

t2S0,+O,»«lr«'' "o a„i 'I <i„„„ 'to ca^^H 

.. ■i„obi«l™dl,y,,. '"oljtaineri ■ ^"SO,, ^^B 

">« "">"»»«'' "" ""■»«." oiyi'l'rtlhom ^H 

"„,«««. AnhyJrouB nilnc a^j^ .^ " Pmdui^" ^H 

„ ... itrilttms .«lor nnii » spi-cifio »^„ ". "Wjc^ , ^" 

„ ■olid »t -W, .nd bcgiM to hoi| „f ^'"j" »f !,« , "6 li«d 

lion into H,0+2S0,+ 0, and mi.cj^, "«" ..vll, , ' °"»" • cr^ 

«. If dilul* ..itric acid is <iistill„, .^, "'*'' "aler in ,7 ''^'^'W- 

nntilitisl21=lp. SS),"!.™ nitri„' . '"'H'-poii.l '""'*"- 

s 68 |*r ce.it. HNO, and lias a specif; '^"^ *sti(,s „ SrsduaJIy 

it md, on hcatinK give ,ill HNo. u„,°, *""'!■ »' 1 4, „"'' "»- 

d. "«'«■■■'■..(..«>"«'• 

Nitric acid vapore.on being passed thrn '*' '"^ 

e into nitrogPi, dioxidp, water, anrf "'^ " ^^-Jjot tubf 

imposition taliCT place in port on J,eaf '^"''^" ^'^^ abo ^™'«- 

t'— eo,.„„,„,„.-2i-^.diS:cS' 



,diUon. for nit ^^CiJV- **tv. ''I "^u. In,' 
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'Mo. 
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or 
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„ acM, H,PO,. •,, 

•he Imnum sv»l»>(;s.> ""*'■ "^"'"^ solution < 

p rei«ivet n^i foM*' "* com-<!nlraUil liy ■■«Bporali..ii 

, while plates at O^'** ** colorless, siruiiy li<|uiil wi.lrh 

»<B.PO.+ u:> ao._ ";«>. + »,«„ 

ff.ffiv'coS^^V,'**?'-'""'"! •"? '!"' ^^.' 'I' , "■'" • "" 
rfocing "Bent, ^"^>=<1 >nlo plio.phoiir ,nd nt.,1 1.. i l,r,- 

1 Only bne „t U2 J"?"""""" 8"" »'«' "'''," , I" 
—fnrt- ft n.n.i^w. - *** hydrogen ntoms lao Iw! n'pWiil liv 
^5 p™SSS^"= """■ '?""■"! 'Hclormuk U.^POiOH,. 
irias- l\iev V, warming !in aqueout. holiilion (.( Il* 

^"hiwpliiil^s "^ve a, reducing actinn and hence arp nwlily 
' ttioBie. P,0, (.according ta its vapor density, plios- 
je, l.*^'». loTtnerly erroneously calltHl rhoHphorous anhv- 
lucwl oTV nasainK a slow eurr^nt of dried air over sentlv 
^cua ivii'A lorms a. volatile, white amorplioua powder which 
li»ca inlo l-jO^ ana ■whicli disBolves in water with the wparo- 
[VB ftmorphoiiB pnwdcr (nerhapK P.O). On healing to 400° it 
into vAioapYkonis and 
Tj, tetionde, P,0„ the anhydride of hypophosphoric aeid, 

I WilorleKS neetlleH. 

■nhoric Mi*.. H4pjOe, iH only known in boumub solution 
C(d when tnoist p^oaplioms is exposed for a long time ui the 
[jbarMlcriBed by its dilfii-ullly soluble acid sodium salt, 
'">Bhip^ '" u**d ivk the separation of this acid trom the phos- 
id aid pliospWoric acid produi^ed at the game time. 
IQIOUS ■cid, _ H-PC;),. is formed beside phosplioric acid and 
)lianc ft''^*^ i*^ tiic slow oxidation of phoaphorxis in moiol air, 
i)e oWained pxire l>y decompomne pliosphorua trichloride with 
n, + 3H,0=H,POj + 3Ha. If the fiolutlon oblamed ih evap- 
,il(ir the air-puiYip receiver, phosplioroue acid separates in colcr- 
^nnscent rryalats which rtielt at 70°. and on further licatini* 
K intn phosphoric acid and PH, (p. 165). Analojmue lo H ,P0, 
up oxygeti and is readily convartcd into phosphoric Hcid. and 
tc like a very stronn reducing body. Only two of its hyilroiten 
IB bf replaced by metals, thorefore it is a bibosic acid having 
mil. HPO(OH\. 
nfii/M are also strong reducm^ agents, but are not oxuhaed in 

■pbarus pentoxide, phogphoric anhydride, F,0,, is produced 
IbsphoniB ia btinit in a strong current of dry oxygen or air 

II white, neutral, Hocculent masses which have a greenish 
pntccnce in the dark and which readily absorb moisture and 
ItB) fonning metapUoBphoric acid (process, p. 168). Because 



ISOBGA.VIC CHEMISTRY. 



a. Compound.-^ wilh Hydrogen. 
Gaseous arseiiiurettd hydrogea, AsH^ 





Liquid areeniureled hydrogen, Ah,H„ 


ii not kn 

groups su 


cii as cacodyl, AsjlCHj). (see Part, III), are known. 






I 



Osseous Arseniureted Hydrogen, Ar.'^fnicHvdriilrnrAntme, AfiH^ 

PrcparalUin. 1. It is obtained pure by the action of dilute 
sulphuric acid or hydrocljorii! acid upon an alloy of arseiiic and line: 
As,Zn,+ f.HCl - 2A»H,+ 3ZnCI,. 

2. Mixed with hydrogeu it may be obtained by the action of 
na.scent hydrogen upon dissolved arsenic coiopounds. If a solutioa 
containing arsi^nic, but free frDni nitric acid (p. 173), is introducol 
into a flask in which zinc and dilute sulphuric acid arc present, we 
obtmn the gas which may be dried by passing over solid talcium 
chloride (Marsh apparatus). 

Propertieji. Ci>lorless, very poisonous gas, having a garlic-like 
odor, Uquefiable at —56° and soUd at —114° and which does not 
combine with acids, but itself shows acid-lilie charact«r3 (p. 173). 
When ignited it bums into arsenic trioiude and water: 2A8H,+60- 
As,0|+3H,0; if a cold object, for instance a porcelain dish, is be]il 
in the Hame, this is then cooled don^i below the combustion (onda, J 
tion) temperature of the arwnic, which does not bum into its oxide, 
but deposits as brownish-black, shining spots, so-called "aramic- 
stains," upon the porcelain. 

Areeniureted hydrogen is decomposed into arsenic and hj^drogmi 
by the electric spark or by a faint white heat; hence if the gne 
passed through a heated glass tube, the arsenic de|Misitfl us a hlackj 
ahiuing coating, Ro-called "arsenic mirror," after having passed 
heated portion of the tube. 

Arsenic stains and arsenic mirrors consist of brown arsenic (p. 171 
they volatiiiKc on heating without melting; they readily dissolve] 
sodium hypochlorite solution; when touched with nitric 
dissolve, forming arsenic acid or arsenious acid; if this solutioj 
neutralized with ammonia and treat^^i with silver nitrate soli 
browmsh-red silver arsenate or yellow silver arsenite are 
(differing from antimony-stains, p. 179). 
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„„ ■ ■'l™**^ '■,„'""•'*-'■="■>• to the memMlaim, 
««iW i4>tto« wiu^ ^^^^^ Sodium Lypodjorile solution, 
I ttiw' jftW"^ '^"^'itooi., ^- '^*^'*i a»d neutraliKation with 
» •** *S **■ "»<<i »\u" '■ '"'*l!- "'"' •">"" "•"•• 



ft.V»»"' 



, SbAg,, ., 
ttktrate aolul 



p,^par«l likf ^ffi.. ^htorid^"^*''?, P»»'«phorus compounds. They 
'^STmiLTiv w****^'^^ ',° W.^^'''*>' «'l"tle- PiyaWlU.'* double salta, 
h art uK^ as inordiH>W m dyemf-: thus. NaCl+Sljar 

^ntlmoay Trichloride, Antimonous Chloride, SbQ,. Prfparatum. 
dissolving umuiwmy oxide or antimony sulphide in liydrochloric 
: Sh>.+ 'iHa--2Sl)a,+ 3H,S. Tills 18 then diatiUed, when 
H^, Uieii the excess of liytlrochloric acid, and finally the ajitimony 
hloride [10SS over. 

Pmpalies. Colorless, fuming, crysuUine, caustic, soft masses 
iw formerly called butter of antimony), wliich melt at 73° 
boil at 223^ and which absorb water from the air and deUquesce. 
imony chloride is soluble in hydrochltjric add; if this solution 
solid antimony chloride is treated with considerable wat^r, a 
1* crystalline precipitate of 

Antimony oyxchloride, SbOC'l, Ik obtained. This was formerly 
ed Alcarot jwwder. It contains various amounts of antimony 
ixide according to the method of preparation: 

2Sba,+ 3H,(t-ShA +eHa; 
Shn,4- H,0-Sb0a+2HC1. 

Antimony pentachloride, antitnonic chloride, SbCIj, is a yellowish 

niiig liquid which crystidlizes at —6" and which with a little water 
idifiw into crystals having the composition SbCls+H,0 or SbCl,+ 
1,0, and Ti-ith more water deporfts ortho- or pvroantimonic acids 

.'m). 

e, CompoMwin iit'lh Oxi/grn. 



Antimony triaxiit, Sh^O, 
Antimony pentoxide, SbjO,. 
Aadmonj' tetroxide, SIi.O,, 



f AntimonouB acid, HjSbO^ 
I MclantimoQous acid, HSbO,. 
( Orthoantimonic acid, H^hO,. 
i Metantimonie acid, HSbO,. 
i Pyroantimonic acid, H.SbjO,. 



'i.vr/ji/o.vy. 



ISX 



d. C( 



ulphlde 

It is 



"ilMtunds uUh Sulphur. 

' ^^aS,, occurs in gray, brittle, crystalline 
a coustitufiit ot niauy minerals, sucL as 
5i"nto, bouruonire, etc. (see belowj. It is readily 

**■ *^elier tenipcratures. 
in as an amorphous urange-red powder by pass- 
orogen into antimony trichloride soluliou: 2SbCl,+ 
*" *■* i** soluble in alkali sulphides (aee below) 
tta crj-stalliue ou heating in the absence of air. 
ipftirfc, Sbj,OS„ is found in nature ax kermesite, and 
■tm^ stibktiiie with an inpufficifiiit supply of air. It 
" "^"'treoua iiiase {antimony vennilion). A mixture of 
.e and antimony trioxide is t-aUed ktmnea. 

itasulphide. SbjS,, gold sulphur, la obtained by 
!*<« "ydrogeii into a solution of antimony penta- 
-SHjfci — 'SljjSi+IOHCl, or by decomposing sodium 
, Ka^bS, (which see), with acids. It is an orange- 
jle in alkali sulphides (p. 182), and decomposeu on 

id Sulphosalts ■}! Antimony. Like the sulphides nf 
'j ^ if ntitiinoiiy form ciinipounds with metallio buI- 
derivatives of llie following nHda unknown in the free 

Sulphaiitimonousacid, H^StiS,; 
Sulpha ntitnonie aeid, H^bS.. 

3e ari(l:< are obtAnied in a manner analogous to that of 
. these :5ialts arc also found in the following niinerak. 

I n I 

yrit*. Ap^bSj, Boumonite, (PbC'u)SbS„ 

II II II 

cdrite group or Fah! ores, M,(SbS,)+MS=M,Sb^„ 



c. Detection of Antimony Campoands. 
c ohtainment of an antimony mirror on heating the 
led hydrogen «&.« produced (p. 178). ' 
p antimony aalts give with water a white precipitate of 
liny Wilts, which are soluble in tartaric acid (diRering 
biijiuuth salts). 



BORON. 



il to an enormous citent free in tlic atmo8|Jiere of tlic suu 
jpaiue) and of the hx.ed stars. 

■Mmi. The powdi^red miiieralii are heated in order 1o re:uove 
feinrn. which are less (irmly combined tluui tlie lieliuin. This 
Bbeu heated with polaeaium dichrouiate in a vacuum, when 
nrgon are evolved; iu oider to separate tliet<e two ga-wx, they 
P in a Ueiasler tube with mogntBiiitii electrodes to a strong 
RDt, when the argoii is ubsorbed by the nia^icMum. 
m. Colorless, odorless, and tastelees gap, li<]ueliable at -250° 
Einaoluble in wal«r. Heliiuu ia 0.14 limes ligh1«r Ihmi the 
be as heavy ae liydro^n. Its charaeterlHtic spectrum cDiisiBts 
Bob of which six lie m the red, green, blue, and xiolet; tlw 
jhkh U especially charactprixed. uc<'urring in the yellow, and 
he right of the i'ctlow sodium lines. 



LlCUIS 



Atomic weight II'-B. 



I 

I 
1 



Kurs only trivalent and helonRi*, from the constitution 
punds, to the nitrogen group, and from Ha position in the 
ptem, OS well aa the iM-'liavior of certain of its compounds, 
W> aluminum. Most of the boron compouuds ahow great 
m the corresijording silieon compounds. When free it 
jttnailarity to carbon and to silicon. 

^nee. Only combined u.< boric acid, HjBO, (which see), 
i tetraborates, such ns tinkal or borax, Na,H,0,+ lOH.O, in 
L»eite, 4MgR.O,+ 2MgO+WgCl, and birocalciU-, C'aB.O,+ 
lir in Staasfurt sail. Boron is abo found to a trivial ext<.'nt 



1. By heatinp boron trioxide with niagnesimn wlien 
Fboron is obtained: B,0. + 3Mg=3MsO + 2B; the magnesium 
* is dissolved bv hydrochloric acid. 
*,.i,e boron ix obtained bv heating Rniorphous Imron or boron 
1 aluminium: B.0. + 2AI- A1,0, + 2B. Tlie boron diiwolvea 
oium and crvatallijiea out on cooling; the aluminium is dis- 
idroehloric acid. 
^. Amarphovs bomn is a brown powder having a sneeifie 
^5, bums on hrating into boron t.rioxide. combines at hiaher 
bM with chlorine, bromine, sulphur, nitrogpn, alBO with plali- 
pBvpr with the production of Bo-called borides. It has a reduc- 

L hence explodes when -"^-- --"- ■--- ' -■■'-- -■ — '"-— 

j^permnngiuiBte wjlutioi 



L hence explodes when rubbed with lead peroxides, decolorizes 
jJoennonganale dolution, precipitates metallic silver from silvi^r 
It is oxidised into boric acid by boiling with nitnc 
I arid: 2B + 3H^O, = 2H,BO, + 3SO,: on boiling with causl.ic. 
"ions it dissolves with the formation of potasuruni metabonte: 
+2H,0 = 2KBO, + flH. 
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Pjvperltcs. Colorless, shilling Uniiiiw having a specific gravity of 
.43. piifisessing a futty touch, and whicli arc soluble in 3 parla Iwil- 
ig aiid -25 parts cold wiitpr, as well as in alcohi.l. Boric im'i.I ih b. 
erj- weak acid, but on account of the slight volatility of ila anhy- 
,ride it drives out most acids from their salu on ht'ating therewith. 

Dclrrtiun. Ttie lighUd alcnhoUo Bolutioii burns willi u grfi^n 
iKDu, anil on boiling the aqueous solution the boric acid volatilises 
rith the slt-am. lioric acid eolutdonB color blue litmus pii|>T fnint 
rd, turmeric paper reddish brown on drying. {Alkalies turn Uirmcric 
lOlKT brown immediately, and flcids change this brown into yellow 
in. Korie acid or\ly produces a brown Rtairi after drying, which 
jjt changed by acids and becomes greenish black with alkalies). 
BaraUn. These are all derived from tetraboric acid; only organic 
nils of orthoboric acid are known. The salta of metaljoric acid are 
very unsiahle. All borates give the reaetiona mentioned tor boric 
acid if they arc treated with hydrochloric acid tor the turmeric reac- 
tion and witb sulphuric acid for the Harae reaction. 

Metaboric acid, HBO,, is obtained by heating orthoboric acid to 
100°. H,HO, -UIlO,4-H,0. 

Pyro- or Tetraborlc Acid, HjB,0„ is produced on heating ortho- 
«r metaboric acids to 140°: 4H,H0, -H,B.0,+ 5H,0; 
4HB0,-H,B.0,+ H.O. 






Petboric Mid, HBO,, is kr 
- ■ .lulions of ll,e 



iig age o lis. 

CARBON GRODP. 

Carbon. Sihcon. 

Germanium. Tin. Lead. 

Titanium. Zirconium. Cerium. Thorium. 



TUe elennnita of the first two itories nre til- mid tetravalent; lead gi-n- 
mKv occurs divalent; the elenipnls of the last, wries ant t«travBlent only. 

Gennaniutn, tin. lead, bear ihe some relalionnhlp to carbon and silicon 
Dial ataentc, antimony and bifnmth do to iiltniKCn and phospliorun. As 
the atomic weight increases, ttie character of the clemi^ntB becomes more 

+ 17 +44 +45 +88 

N=14 P=31 A9=75 Rh=120 Bi = 208 

+ 16 +44 +46 +8fl 

C=12 Si-28 Ge=72 Sn=118 Pb-207 




metula. Tliey (Id not coiiibiiic wltli livUrugi'ii, but, on thr cq 
combLne wiili the halogens, forming volatile compounds. Theil 
oxides ui« basee. wliile their dioxides are ncid anliydrides. 



Atomic weight 1 



-C. 




OccTirrcnce. Fov in tliree allotrupic modifications as dU 
graphite, and aniorjtlious carbon, which in tlieir properties siM 
greatn<t (lifferenens and are only cormspondent with each other tt 
the fii(7t that they alt yit-ld carbon dioxide, t'0„ on burniog. It 
combined as the chief constituent of all animal and plant subt 
and the products, such ua peat and various coab, produced i 
alow decomposition of plant substances. Combined with liydn 
forms rock-oil (petroleum) and asplialt; as carbon dioxide it. 
combined with oxygen in the air and in the carbonates, such ass 
limestone, chalk, dolomite, often fonning entire mountains. 

I'Tcixiratinn. See the individual mi>dificatinn!i. 

Profxrtifji. Solid, cmjoHphs, and tasteless, soluble only in i 
iron, not fumble, only volatile at about 3500° in the elecl^ 
At ordinary tem|ieratures it remains unchanged; at higher te^ 
tures it burns into carbon dioxide with the development o| 
and Iji'iil and leaves an ash which consists of admixed inorgsid 
stances. At a white heat amorphous carbon abstracts the q 
from most bodies and is, therefore, a [lowcrful reducing agent] 

Carbon combiniw with Uuorine even at ordinary temped 
with oxygen, sulphur, and iron at a rcil heat; and with liyd 
lioruD, silicon, and mont metals, on the contrary, at about' 
Its conijKiunds with silicon, boron, and the metab arc called dj 
and arc charactrizeil by their stability and non-fusibility I 
liighent temperatures M'liich liave been obtained up to the d 
time. These carbides generally form beautiful crystalline massc^ 
arc decomposed by acids and, with the exception of iron ol 
chramium carbide, and titanium carbide, are decomposed by 4 

Diamond occutr in rc^iJar rhomlwdecahedra, seldom ad 
hedra, genenilly with curved surfaces and edges. Ilhas a specific! 
of 3.5, is transparent, generaUy colorletM, sometimes red, greed 
and black, readily pulverizable, is a non-conductor of electricit] 
poor conductor of lip;it, Thcdinmoiid pissesses the greatest b^ 
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CARBON. 187 

Jodies has the liighest refracUvy power, as well as the 
diiBss, as it can only be polished with iU* own |jowiier 
»en heated in oxygen it burns into carbon dioside; 
)y heated in tlie ubaence of o.vygeu it i:^ converted iiito 
ren the atrongeHt oxidizing agents do not attack it. Dia- 

be obtained in inicroficopiu crystals by distiolving car- 
len iron and cooling the mixture under great pressure. 
^ I^umbago, black lead, occurs chiefly as amor|)hous, scaiy 
k maaBea which, wlien rubbed on jraper, leave a mark, 
In the lead-pencil manufacture and as iron paint (stove- 

seldom occurs in the crystalline state except as gray 
lates. It has a s]>eciiic gravity of 2.25, conducts heat 
ty well, is more difficult of combustion in an oxygen 
I the diamond, but is oxidized by strong oxidizing agents 
e arid, C„H,0„ or mellitic acid, C,jH,0„. 
ficially obtained by melting amorphous carbon vrith iron, 
Irbon ctissolves and separata's out in black plat«s on 
irou. 

MIS orbon is obtained by lieating many organic sub- 
in the absence of air, when the volatile carbon com- 
(iven otTand a part of the carbon mixed with the inorganic 
romaiuH behind. It forms a black, voluminous powder, or 
>li opaque compact masses which have differing specific 



lack is obtained by burning substanem audi as turpentine, 
tuch are very rich in carbon with an inHuHicieiLt supply 'if 
1 purest form of amorphous carbon and is used in the prepara- 
mk and printing-inks, 

ftor«oal IS obtained by the carl Mini sal ion of wood in heaps 
ck (tn tlie dry dislillaliou of wood). It sliows the stnicture 
nd ia porous. hen(« a poor conductor of heat and electricitv. 
1^, piKnients, bitt«r principles, alkaloids, and manv nietalAc 
Irir solutions. One volume of wood charcoal absorbs 90 
bunonia or 9 volumes of oxygen. Because of ttiis property 
be filtiattrm of water, in the absorption of putrefactive gases, 
bsilizatjnn of alcohol. Freshlyheated wood riiarcoal inflames 
iMaueoxtsly, as in the absorplinn of oxyg;en heat is set free. 
I ehareoal, bone-black, ivon'-bluck, is obtained on the csr- 
( animal bodies (blood-carbon, boiie-rnrbon). It absorbs 
g malt«r, sic, with greater activity tlian wood charcoal, as 
) mixed witli cniisidpntble niineml niatljT and hence is very 

iimufucture of iUunii- 
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Pftcc tlie elimination of carbon dioxide from the Iuiies ih 
f murb dlowpf because of tlie iliminishfjU diffusion. If ^taxHiiim 
oiaeneautn is lit-atcd in COj, iLcy are nxiilixed a^the carbon 
•nto aH muorphoua carbon. Al -80° or ut Of'sintu pmwure 
SB atmoaphere^ (p. 4D it is converted into ft'colorlesi* neutral 
;lid wlucit is not inisciole with water iind lias I'speeilii: BTuvity 
Cl and occurs in commerce in 'itrought-^ron cylindM. \ 

V liquid curbon dioxide i^ allowed to fjow out ilt^^V|jin ^ti^ASi, 
pxn bfcomi-s guHeous inimediutely and take« upteojJBU'jki l'<^' 
itt another part solidifies into snow-like flakes whtoifennRrt - 65° 
idrr >t pre«(itre of 3.S utmosplicres ; hence solid CO,^^tssex iii4|iMi- 
cly into die guswuis stat^ at ordinary temperatures' (p. 35). ' 

Solid corlHtri dioxide volalilixc^ only .sinnly uii lying li^^e aii;, whfii 
I tMnperature aiiiks to —78°. A iiiixlurc o'f ihe aanie ilrith ether pr«- 
ICH, an evaporation, a temperature nf about -90°; if.Hlits mixture is « 
nipont«d under the air-pump receiver, its temperature fidls to - 140". 

One Toliune oE water diwsoUes al 15° 1 volume carlxin dioxide. 
be water)- solution has a faint acid reaction, the djy gas it«elf lieinp 
etjtwl. t'arbiiii dioxide is readily absorbed by caustic alkalies, form- 
,g (arbonatcB: CO,+2KOH -K,COj+ H,0. 

ftith the dark electric discliarge in the presence of water or hj-dro- 
M CO, Lt converted into formic acid: C0,-i-2H -CII.O,." CO,+ 
Ij0-CH,O,+ O. 

Lifion can be determined by bumint; pure carbon in n known 
■olunip of rixvgen, wlien on cooling, in place of tlie oxyeen used, an equal 
■oliDin-of carimn dioxide is found. Two volumes of carbon dioxiiie, wliich 
1^1 <4 parts, (■oiitain 2 volumes or 32 parts by weight of oxyRcn. and 
WpdJ-3*i= 12 parts by weight of carlmii. 

Cutonkacld, HiCO, or 0-r-(OH)„ is not known free, but the 
quMU? solution of carl>on dioxide may be considered as a solution 
*r«rbonicacid: CO,+ H,0-H,C0,. As H,rO, is aweak acid, hence 
MUtml suits formed with strnnK lis.ses still have a bnwc reaelion. 

ruifemoXc* in«v be obtained bv saturatin(r bases willi carbon 
liimdr: 2KOH4-'cO, -K,rO,+ H,6; K,C0,+ H,0-i-C0,-2KHC0,. 
IVv are dec/imposed, with cffervescenee, by every strontMT acid, 
■! clu-lwnic acid formed immediately decomposes: K,(X),+ 

fttortirm «/ Ctirlion Di'tTulf nnd Carbonates, If a jjass rod 
CMMfilcncd with II clear .solution of liarium or calcium hydrate is 




SILICON. 

, . . , Afi carbon dioxide unites ^ 

biuil4^, TO t-urboii liisijipliide ciiciibiiieii willi aul^ . „ 

fcrtxiiuiUa; llius siidmiii suiplioriirboiiaio i.s proiiuced by dissolving carboo 
[ifulpliiUc ill !>i>diuii] 9ul|jliide aolutiijti: Ctij -r N'(^S= Nn,CS,. 

Carbon osysulpliide, COS, is found in iiuiiemi springs and is produced 

■ .-^•jiiig sulpliur vapora aiid tarbon monoxide tfirough a. red-not lube, 

ncT, by puuriiig sulphuric &cid upou poUissiiun ouipliocyoDide 

' --I, wheji suiphocyanic acid U set free wliicfi takc3 up water, toruiing 

I oxvaulpbide and ammoiiia: HCNS + H,0-CUS + NH,. It is & 

,-iitrii^ gao bavini: aii odor similar to aulpliurettcd bydn^en, readily 

tfifliiiiini«.hle, and burns into carbon dioxide and sulphur dioxide. 

lOBCwulphocarbonic aeid, UXO^ (=H,0+C08) and 

ffiwlplK>carl»nicacid,H^Cfe,(=H^ + COS) are known only aa salts. 

e. C'ompowuls with Nitrogen. 
rinp compound called dicyanogcn, XC-CN, ifi kno'sii wliicli forma 
EuinCTOus other compomida. Dicyanogen cautiot be obtained by 
dinft union of the elements. Dicyanogeu and it-a compounds will be 
treslBl of in organic cheniistry- 

a. Silicon, or SlUcium. 

Alomir n-eight 2S.4 =Si. 
Silicon is, next to oxygen, tbc moat widely diffused 
of the elements, bul does not occiw free. Combined with oxygen, 
it is Found as silicon dioxide or silica in the three natural kingdoms; 
^cafs form many minerals and nearly all crystaUiue varieties of 
rocks (see Silicon Dio.Yide and Silicates), 

Prppjratuni. 1. By heating sodium fluosilicate with metallic 
■o^uni: Na,SiF,+ 4Na-6NaF+Si; tliis product is treated with 
^MlM'. vrhich dii^isolves the sodium fluoride and leaves the amorphous 
tlicon. 

2. Alloyed with some magnesium it may be obtained by fusing 
and (SiO,) and magticsium pow-der together. 

3. If ^idc be added in this method of preparation, then the 
IliciMi dissolves in the molten zinc and scijarates on cooling aa erys- 
.Alline silicon, which remains on dis-soU-ing the zinc in hydrochloric 

Properties. Crystalline silicon forms black oetahedra of a specific 
Ta^"ity2.5, wliich scratch glass: it is not o.tidized on heating in the 
w, ami melts «t about 1.500". 

.Amorphous FiUron is a reddish-bromi powder with the specific 
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II. METALS. 

For reasons ^ven on page 95 tlic elements wliich are calle 
aie divide<l into tlie followmg groupti: 

1. Potasfsium, sodium, ciesium, rubidium, lithium (ammo 

2. Calcium, barium, strontium. 

3. Beryllium, magnesium, ziiic, cadmium. 

4. Copper, silver, mercury. 

6. Aluminiimi, gallium, indium, tlialUum, scandium, ytt 
lanthanum, cerium, praseodymium, iiPodjTiiium, samariumj 
bnium, erbium, thulium, j-lterbium. 

6, Tin, zirconium, titanium, thorium. 

7, Bismuth, vanadium, tantalum, niobium. 

8, Chromium, molybdenum, tungs^ten, uranium. 
0. Iron, manganese, cobalt, nickel. 
10. Gold, platinum, osmium, iridiiun, ruthenium, rl 

palladium. 

Properlieg. The metiil* huve more propprtifs in commoii 
the non-metals. The metals arc non-tran-'^Jiircnt, and only ci 
of them are transparent in very tiiin layers. With tlie excepti 
mercury they are all solids at ordinarj' temperatures. 

When compact, especially when the siu^'ace is 
have a [leculiar shine, which has been culled metallic lustre, 
finely divided they form dark powders. Tht^y are pood poiidt 
of heat and electricity. The color of most metals is white to 1 
gray. Copper is red; gold, barium, and strontium are yellow, 
metals are cr^-«talline in rf^ilar systems. Only a few, havb 
metalloid character, are not regular in their crystallization ; tl« 
muth crystallizes in the hfixagonal system, and tin in the qui 

The specific gravity of the metals is \'CTy different and vs 
fr«m 0.59, the specific gra\-ity of litliium, to 22..5. the specific gravi 
osmium. Metals whose specific Krfl^■tt^' is Itelow 5 are called 



are caUcd Wavv — . , ,. 
-""^ _„-v Ite ponx. ^ >»»<'talB. Most mctalH are 

flhiP*^ «• »„_„,,„ ^^*^»^aTacter,«re brittle. 
;^ t"-^^*^- J™^^^«« t1.e lowest n^tiug-point, 
^t*s=^»^5" , "^^.^ . ^inc at 24r, copper at IKXP. 
7ltf. \»-»<A»uni HI l.l.->0°, c^,r„^un, ^t 2100°, osmium 
I pic^^*^ own be c^nvcri^d into a vnporoua state; tlieir 

^As to their fusibiUty. Mereurj- vaporises at 360°, 
. ,ooCP -. v^atinum and tUe other difficultly fusible metak. 
\'^m tlie electnc furnace. 

't\n ^l^'^ compact condition is soluble as sucl.. If tlie koI- 
^ctB.\ i^ a-*-""l» •"■ ^'^^'^^ ia evaporate!, w obtain a salt or 
I" ^^^e coTiVrary, numerous metals arc soluble in water at 
pol'W^en tl^ey areprpeipitated from the solution of tlicir saltB 
rfinely liivided atat* (see OoUoi.lal Solution, p. .M). 
Letais*"'*^*^ """^^'""'"^ actWe ehpinically than the metalloidB, 

^ecule of the metals eonsists only of an atom, while in the 
,idfltbeni«'^"'^.™"r'^^**' first split Into atoms. The metaUoids 
etefore moi^ active in the nascent state tlinn in the ordinary 
ioB, wh"* ^^^ atoms ha.ve already united to form molecides 

le combinations of the metala between themselvps according 
certain protJortion by weielit are palleil alUnjs (p. 49). These 
jly have the average properties of the metals of wliiiih they are 
gejd, so that it is possible to obtain alloys by the selection of 
>U metals which have properties of technical importance. The 
1 with mercury are called anuilgams. 

M> colnr of tlie nlloya is di ffert- T>t aceordine U> the conatituRnta; Bf.ill 
rvjepcful''"^ of the proportion of the melals; thus an alliiy (if copper 
30 per ctnt. of tin is wrViite , -wWile with 30 per cent. line it is yellow. 
unuiesBaiid touglinfws are* fcc^iicrally (neater than thn!« of the inilivid- 
irtals, while the melting;- point is lower, and often lower than that of 
uelsl having the liiwest nieltiiiR-point; thiis a mixture of 2 parts 
Uth, 1 part tin. and \ part lead fWood'a metal) melts at 94", while 
bismuth melts at 270°, tin at 235°, and lead at 334°. The meltinjc- 
t of BmalKams lies airways aV>ove that of merciirv. Aridii often atfark 
Tirith KTeatCT difficultv tVian the conatitucnta alone; still many altova 
[ii!Bnlit5 by acids wliieh -vpould not dissolve the metal» contained in 
uiixture. 

(lie compounds of the me.tals with the non-metals do not have 
properties of the metals. While the oxides of the non-metals 
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Pj\!!„y mineral Bpnnp. "^P^.^w-Uy , '*-p,dolite, noii,„-: '"*■ '" manv 
■%y «n both obtained by, the cU-mwi ■ spwtraJ 

.^.r.n«mi.». ™Jla Bl 26.40 i.^"P*'Clllc OTo.-i...' '"""* niuat I„ 






«ni 



nil cwupjULds Kiv<?B a violet c-oloi- ,„"' -"« . anrf^the iJ,;, , '" ^K 

5. Lithium, 

Al.piiiio weigln T.ai=,Li^ 
.oi.Iy eopibinwl, very widely diBlribm^d h„i „i 
Lr.d ". [lie »8hM of irinnv plants. espwiX ,, SiS '■ '^"•''•■''xwi. ^a^"" 

'""""'"iyit'S; 



lIphTilnlt, 
anting * 
in th* •». « 



■W 



iW^OAr/t/ji. 



„W»p » irn«f '">; '"Miming tl, 



e,.or by the sii 
'^"i »uli>hat«: 

2Naa+ (N H,)^0. - 2NH.a+ Ni^O.. 



^Vhen sublimed it forms fibrous crystalline mas 



[ ^1 odorless. 



vctlatile ' 



hettti 



ItB 



*^S> without melting, disao 



jBunwiuffl wreulphate. 



-ruvfiiwr, niul is nearly insoU,i,,. 

^Ainmoni"™ *""""*■ Ntl^iir. is obtained on the aublU 
_(rt«.iiim liromide ivilh ammonium sulphate, and torms wl 
{,a«liite crystalline powder wKich is «-adilv soluble in m 
^gjuIUy soluble in alcohol. 

^Bwrni'M" io^'de, /^H,l. i^ prepared from poUsaium ioc 
,„tfnuniom stilpliale mm "onus w»,ite dcliqiieBcenl cubes which «f 
Subl* in «lc..hol. It splits off iodine ill iiioist air. 

Afflinoiuuw !uiph»te. (>JH,)^o,. occurs as the mineral aaj 
II Boblftiiied by siiLuratuig tlie ainn.otiiftcal liquor of the c 
, -iti, Biilpliunc ttcid nntl forms colorleaa and odorless cryatS 
... i„.h '-mperafcunss. It is used a* a valuable fei 
*• (,N11,)^0,, forms colorless prism 
...J T>rei>i»red on a laruie scale being uai 

,Mu.,..g Mtcnt (p- !■" I aritl is ii.l'ta used in photography. 

A„,5ioiuuin ait'?**. (-^ H .,■)>: Oj, produced hy salumting a 
ot »mnionia with "'.'"'^ acni n.iid evapomling Uiis produi't. 
(olctTlfM crvHtab which are solublp in water and which decomp 
— ttr ll"t iii W"» O^'de (p. 155) when heated. It is used aa an i 
•tibw »i»«l ''"' »'*P«'*'^r a-iiil resdns. 

Asimoidua mtnte, (NH^INO,. In rcgnrd to fontiation an 
miH we N\tro\B Acid- 1% is olitMini-d hv niixinK a solution 
lutrit* viVn »n ammonium c>tlj>ridp wilul ion. filtering off the silv«a 
and twrfully rvaporating ti,e filtraie. It forms culorless m 
«»»« which '111 heatine yioltl water and nitrogen (p, 146). 1 

jjBBiogium phospbateK. Tertiary ainnioniuni phoxpliata <N] 
BWKmdarv ammonimn phospViate, (NH,)^1P0,, and primary am 
phnipliBW. [NH,>H,PO,. are obtained in a manner similaj to tht 
eorTMponiliiiR sodiuLn phosphates. On careful heating they 
toidue ol melaplioapboric acid thus: 

{>;h..-ih^p<>.= hpo,+h,o+nh,. 

godlum-amiaoiuu'" phosphate, NaCXH.lH PC), + 4H,0 (mica 
«10, iirrars in piano and stale urine llience formi-rly called St 
fivan). U 5 ports disodium phosphate and 2 parts diammonium pi 
Mc jiiHilved in hot water and nlUiwed to cool, colorless prisms 
mii- 

Na,HPO, + (NH,)..HW).=2Xa(NH.iHPO,. 




c.i;.c/r.if. 



verv groal dUTiculty in waler, or are insoluble (lierein, while 

anlpliidM, like those o( Die alkalies, are readily soluble. The mlu- 
■ •>[ tlie hydroxided iiicreaaea from calcium to tinrium, and the aolu- 
r of \he sulphate diminiitbea from ealeiuin to harjuni. 
1t«y urc railed tdkaliue-earth nietals beeau.se tliey hut-e prapertiea 
at lo the alkali metals ua well as Ui the earthy iiietaU. 
Iieir »perifie gravity, their melting-point, titcir vuktility and chemi- 
piienty inerease with their atomic weight. Tliua caleimn hydroxide 
(■ariiutiBle are readily deeompoeed oti heating, while barium hydroxide 
lit at nil decomposed, and Itanum carl>onale only with difficulty, 
tlie eorreaponding atroTiIium compounds are int«fniediate in. their 



contradis- 



riieir sails are not det-oiupoaed by anmionia Bolutjon 

tioLi to the salta of the groups wliicri follow. 

ffilli livdrogeii Ihev fonii hydrides, CaU,, SrH,, UuH„ which are 

,rlis mlids. 

Tlifflc metals cntiihitie with nitrogen at a red heat, forming nitrides, 

^,, !ir,X„ Ka^,, which with water sufTer the following decompoaiUoii: 

CaJs,+6HOH-3Ca(OH),+-2NHr 
WKIi tlir heat of the electric furnace tliey combine with carbon, form- 
oihidM, Ca(',, SrC,. BuC',, which is the reason that the alkaline-earth 
al* Bie not obtaineii on heating llieir oxidefl with carbon na the metal 



i^ jet tree immediately Ci 



mbin 



ith the cnrlwn. 



I. Calcium. 

Atomic wei(!lit = 40.1-Cu. 
JrciwTcnM. Never free, but it.i coiiipounds are found extenuvely, 
I in large quantities. Culciuin cnrlxiiiate and calcium sulphate 
chsee) occur as very lar^ depoaits and form the chief constitueuU 
B aoUda uf spring- and river-wnlen. Cnlciuin xilicatc is a constitiH 
of nearly nil «liceous minerals, and calcium pliospliat« occurs in 
ite and pikospliorite (p. 162). Calcium ealts always occur in the 
t and animal organism«<. 

'n-poro/«)« and Projtertieg. Calcium is obtained by the dec 
i^ of fused calcium chloride or liy heating calcium iodide with 
um. It is a Hilvery-white soft metal, harder than lead and having 
imSi; gravity of 1.58 and melting at 7(10°, but, as it slowly oxi- 
B m dry air, it must like potassimn be kept beneath petroleum. 

a. Citmpouiids tij Calrium. 
Calcium oxide, CaO, caustic lime, lime, bunit hme, is obtained 
iieatiiig Ui a red heat pure calciimi carlxinnt« (wlut« marble), 
u lar^r scale by heating iiupiirc calcium cartionate (the hme- 
in w-r«lled limekilns. It forms hard, white, amorphous, 
aliiic musses which become cryst»lliiic at 2500° and fumble at 
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nog then cnllod ili'ad burnt, plaster. Anhydrite does not 
ibioe wiih water. 

Tcttlary or Tricalclum phoaphate, Ca](PO,), (alun neutral cal- 
■n pba6phat«), occurs as aputitc and phosphorite (p. 102) and con- 
futes two-thirds of the bones of animals; it forms the chief mass 
the coprolites, phosphorites, osteolitea, and certain varieliea of 
UK), and is found in the ash of all animal and plant organs. It is 
dluble in pure wat«r but, on the contrary, is partly soluble in miter 
aUioing CO, or certain salts. 

oliosDhate. ^-,^. „„, , , _ 

_ ... the deplioaphori nation of Iron and wliicli 
Iw -value ia dependent upon llie fact that it 

. iverled into solulile superphosphate like the 

t^r mlciuiii phuspliate, bul is i;rouiid hnelv (Tlionias phoBphale), and 
fvadily deeoinpnscd bv tliE carlioliir acid and moisture ol the soil. 

Pure calcium pliospfiate is obtained by mixing a solution of diaodium 
lOtptaale treated with ammonia with a solution of caleiutn eliloride. 
Iiu prerifHtate is gelatinous and wlien dty tomis a white, amorphous, 
Ictrleffi and tH!<telesa mass. 

SiCMdarj calcium pbosphate, CaHPCIj + 211,0 (dicalcium pliosphate), 
-fUTj "lien in urinary calculi and sedinientu as microscopic crystals. It 
uhuiited as a white erysloUiiie powder inaoluble in water by mixing a 
(hiMi oI di.«udium phosphate with a caleiuni chloride solution. 

Primuy calcium phosphate, CaH,(P<.),), (nionoealciuni phosphate), is 
btAiucd by treating tertiary or secondary calcium phosphate with sul- 
hwiciti'id (p. 162. a), and separatesouton the evaporation of the imluUon 
■ nilorieas, deliquescent, acid-reacting scales. It is readily soluble in 
r»trr tuid hence is better suited as a fertilizer than the tertiary salt. 
Vttai mixnl with gypeuni it forms superphosphate, which is used as 
finiiixer. 

Cttdom carbide, CaC^, is obtained by heating CaO with carbon in the 
tefUi( furnace. When pure it forms gold-IiKC crystals, and in com- 
neia il fomw graviHh-blaek masses which with water and acids gencr- 
Lte trplyli'iie gas, t',Hj (which see). 

Mdum Carbonate, CaC^,, Orcurraicc. 1. Amorjihous or not 
narknlly cryi<talline as limestone; in cry.'^tallinc granules as marble; 
n itnorphous or crystalline Rranules combined with magnesium car- 
MMUle aa doluroite, CaCO,+ MgCO,; amorphous as chalk; achistoua- 
!ikc as lilho)?aphic stone, etc. 

2. As calc-spar (calcite) in hexagonal crj-stala (rliombohedrons), 
uiii AS aragouitc in rhombic colunnts. 

3. In all plant-a.'^hes and in all nniinala, aspccinlly in tlic bones; 
ti [he urine of licrbivoroua aniraals, and in many pathological eonerc- 
ions, a8 in urinary calculi, etc. It fonoH the chief constituent of 
he corals, oyster-, mufwcl-, snai!-, and egg-fhells, and {)earls. 
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*"":«S^'r"n'„_' |hK" -"1. violet U™. 
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' of 
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acid and oxali, 

itated by th\s 



precipitate of calcium 

^IciuTO suits. This precipi- 

^*^k1, Buriuiii and stron- 

*^g*!iit ill vpry concentrated 



.ud not from '*'^"'X J^^^^^^ the white precipitate of 

Upli^tc, CaSO„ « ^*"''*' ^« '^ *^l^gl»t extent in waf«r. 

Xioinic weigUt S7.G=Sr. 
I only comUncd '^"'^ *'^'*'" as stroiitianite, SrCO^, and as 
Sf«6.. The je^^"'-' '"«^*-a^ lias a sptcific gravity of 2.5, 
dtXf, is obia\iic*l ^V ^^'^ electrolysis of fused strontium 
nd is similar W calcium in iiroperties. 
a, Coinp'*''-"'^^ '*/ iilrontium. 
m oxide, SrO la produced Ijy heating strontium nitrate. 
in:i-s« ^vll^t•h w'llVi «»**' gpnenitca heat and forms strontium 

a bydroxid*. o./nHV. which is soluble in 60 parts wat«r, 
ineJ a« e™st \V ^ 9f'-0"^- + ™'** ^""" "'" ^'''t'O"- On 
■coinpoiiea im "^ «r ^^^ strontium oxide. 
I salts ar« _, *** J from Btrontiuni carbonate bv trestiiw 
sp«K^ti\-e nrfi'"^Par*l»ffftrd to tlieir use in the manufacture of 
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« beZ^S ^-^ ,ini9on-red color to the r 
woritv.,^'fi , ^1 e spectrum of this flamt 
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HACnESIDH GROUP. 
Beryllimn. Hagnesium. Zinc. Cadmium. 

These are divalent metals which are volatile on healing and which 
n with s flame into oxidee when air Ls EUpplied. Their spcoilie fn^vitv. 
itnlity, and volatility increase with their atomic weiglits. They <lo 
oxioue on being exposed to dry asi. Zinc and radnkium do not 
MBpoce water at the boiling temperature, beryllium and compact 
SRUm only with dillicutty, while they all decompose water at a 
!Bt. Tlwir oxides, hydroxides, corbonalea, and phosphates are insclu- 
I water, and their sulphat<« are readily soluble in water. The nul- 
_» of beryllium and magneeium are soluble in water, while zinc and 
bsium Bulpliide are insoluble therein. The oxides of beri'lliuiii anil 
^eaum are not reduced to the metallic state by carbon.' The car- 
uta and chlorides are readily decomposed to the bai*ic SBlt« on 
*W»nning. 

Tbcir sulphates (with the exception ot lierylUuni aulphale) form 
morpboua double salts, which are readily solub'le, with the alkali sul- 
^«: MgSO. + K^\ + 6H,0. Their hydroxides are soluble in animo- 

I. Beryllium (Gludnum). 

Atomic weight 9.1-Be. 
Occuis only combined ui certain rare minerals; thus in plieuacitc, 
" ~" 'a chryaoberyl, Be(A10,)„ and especially in beryl, (BejAljjSi^O,., 

IBD colored ereen t"**- -' " — — ■'- ' "'— 

.je called the emenUd. 
The metal is prepared by heating 



oxide forms the 



precious 



X clJoride with sodium or its oxide 
... . , It forms u. ailver-wiiitc metal having a specific gravity of 

I.Saiid melting at about 1000°, and the metal with its salts gives no colora- 
tion to the flame and no spectrum. The copper alloy of beryllium gives 
a beautiful tone when struck and is used for technical purposes. 

Ammonia or caustic aJkoli preripltules Be(OH), from ils sweet salt 
aohition. this precifritate being soluble in an excess of causlic ulkali- 
Amnionium caroonate precipitaU« BeCO], which is soluble in an excew 
rf (NH,)iCOr 

3. Magnesium. 

Atomic weight 24.36= Mg. 
Oecurrenee. Only combined : \. \s carbonate in maj^csite , 
HgCO„ and dolomite, MgCO.+ CaCOj. 

2. As silicate, forming the minerals olivine, talc, soapstonc, serpen- 
tine, meerschaum. Powdered talc, a white greasy powder, is used 
as a vulnerary powder. Magnesium-cat ciuiti silicate forms the 
minerals augitc, hornblendes, and aslieslua (amianthus); magnesium- 
aluminium etUcal-e, chlorite and magnesium mica. 

3, A« Bulpliale and chloride in sea-water and in certain mineral 
mtera, gi\-ing a bitter lajrte thereto. In the "abraum " eall'^ (p. -02) 



MAGS' ESI U\f. 



229 



, n chloride, MgClj. It occure as slated on pagca 221 and 228 
gj it obtained as a by-product in many chemical proceaBcs. It crystalliies 
"'JO, (ormiiie delniueBcent crysUUs which ou evaporation dcconi- 
_. 1 ate used in the niatiiifacture of hydrochloric acid and clilorine 
p, 133). It luay lie obtained in an anhydrous fonn by heatUig the uiagne- 
_Juoi chluride routaining water in the preEencc of NU,C1 or in a current 
VJ b^rdruchluric acid. 

Masneslum sulphate, MgSO,. Occwratce. As kieaeritn, aliio 
fe k>iuile and Bchonlte (p. 228); in sen-water and muny minerul 
|iAtcfS| to whicU it gives a bitter taste. 

UpTtparatiim. By dissolving magnesium carbonate in dilute 
ihuhc acid, or by boiling kieserite for a long time with water, 
llrincb graduidly dissolves the same. 

I hopaiiea. On evaporating ila aqueous solution it is obtained 
U Mtltnl, colorless, rhombic crystals having the composition MgSO,+ 
TBA It has a disagrttoablo, bitt«r taste and is soluble in 1.5 parts 
bv vngbt of cold water (Epeoin salts). 

At T0° MgSt) +6H,0 cryHlolli/M from ita saturated solution, and 
at V Mg80,+ 12H,0. Kieaerite, MgSIJ^ 4- H,0, ia solutite only in 40U 
nftiu woWr, but it gradually- dissolves on boiling with water and then 
^THUillJKg M MgSO.-HTH/X 

Od lieating \o 100" Epsom sails lose 5 molecult» o( water, foimicig 
MgSO, T 2H,(.), and at 150" they lose still another molecule, the last 



uHilwiile b*tng driven off only &t 260° (water o , ^. _ . .,. 

mill tlie sulphatcB of the alkali metals magnesium sulphate fonns 

liuuble salts (p. 102), which crystallize in monoelinic prisms, whereby 

(h* firmly wmiDined molwuie of water of crystallization is replaced thus; 

PtitMsi urn-magnesium aulphatc. MgSO, + K-SO, +6H,0; 

Ammonium-magnesium sulphate, MgSO, + (NHj^Oi + OUgO, 

Tlie flilphates of zinc, cadmiuiu, manganese, iron, cobalt, nickel, wliich 

ATf i«nstitlit«d similarly lo the niBgnesiuni sulphate, are all isomor- 

ptious.aiul alai), likecupric sulplmle, which likewise crystallizes with 5mole- 

cuks lip, miitain 1 molcruiR H,0 firmly combined. These oil, like 

niTKiirif Kilpliate. form double shIis which have an analogous composition 

o-Tii ate isomorphous with double magnesium sulphales: 

NiS0, + K,S0. + 6H,0; CuSO, + K^O,.''6a,0, etc. 
Magnesium carbonate, .MgCO,, occurs as rhorabohedra in mag- 
Bciile (isomoqilioua with caleite, smithsonite, rhodochrositt', siderite, 
Wt), and in crystalline mosses as magnesite, also in dolomite (p. 

mi 

J( carbon dioxide is ;Miascd into water containing suspended 
isc magnesium carbonate {soe below), we obtain from the filtered 
Juiiou, OR standing, neutral magnewum carbonate, MgCOg-HSHjO, 
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iris blown iti 



■, but the molten silver does not. The lead is 
inbyublaat; the lend is converted iut« oxide (lilliarge) 
a aiiu passes off, leuving finuUy tlie uricixidiied silver covered 
a tliiii iHyer uf lead oxide, wJiicli la finally ruptured, aud the 
aiver remwiis beiiirid. 

K tesd coiilaiua ouly small uniuuiilfi of Hilver. it is wiiiteiitratetl by 
m's or Parlcu's prui'ess. PattiiuMin's process is baaed upon the 
t a molten alloy u( silver aiid lead solidifies slower thuii pure lead. 
' (his alloy is allowed to coolslowJy, pure lead fin,t crystalliies out, 
n be teinovea by perforated IwUes, aud filially a euiectii- mixture 
Ag 2.2 per ceut. ad^er remains. 

*'8 ptxM'eiJB is baaed from the fact that on the addition of t'lM to 
kail poor in sdver the two nietals do not mix well together, but 
n leaves the lead Mid goes over to the linc, forming a difliiultlv 
IBoy, which OH cooliiig sepaKites on tlie surface. The zinc is sep- 
Mmrom by distillation. 

Mlver can be obtained from the crude silver bv meltinc it with 
(then driving tliia olT, or by dissolving tlie crude silver in UNO, 
l^italiiiK all the silver from iwiution bm AgCI by means of hydro- 
Heid, aiid reducing this as described on p. 240. 
f silver may moreover he obtained by diBBoh'ing the crude sil- 
jUpliuric acid and precipitating the silver with copper or iron: 
bPe— FeSO, + A^; aJso by electrolysis, where the crude silver is 
(d AS tlie anode in u concentrated solution of silver nitrate, when 
JKr deposiu at tlie cathode, which consists of a sheet of silver. 

trties. White, shining, rather soft metal having; a sppcific 
1 10.5 atid not oxidizing when molten, but nlMurbing '22 I Imcs 
M of oxygen, whicli it give.'! up on cooling: this causes the 
C that takes place when Huid silver cools Ozone causes a 
|1 coating of silver peroxide (p. 240). Silver melts at 9f)0° 
tntea at about 2000°, forming a pale-Mue vapor. Concen- 
fdrootiloric acid and dilute sulphuric acid do not attack silver, 
aonceittrated sulphuric acid dissolves il, forming silver sul- 
fe+2H^0, -.\g^S0.+ SO,+ 2H,0. Dilute nitric add, even 
U, dissolves silver, producingsilvRrnitrate: 3Ag+4HNO,= 
FNO+ 211,0. Silver unit<* directly with the halogens; 
ahur it combines very wadily; Jiencc silver objects tkirn 
then espcised to air containing H,S. Silver is very ductile 
t best conductor of heat and electricity. Tliin haraniered 
e called silver-fnij. 

r only occurs univalent, hence the designation argentous 
nUc salts is not used. The silver compounds have the 

«itinn as the cuprous compounds. 
__3 also certain allotropic niodifications of silver, namely, a 
B and ■ golden-yellow fonn, which are very quickly transformed 
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A Of nuetion set free in il« union with oxygen is used in order to 
IcmpemtiireB up to 3000= (by the coropomid called tlieniiiW, which 
ituro ot powdered aluitiiiiiuiii with iron oxide), nnd ia uIbo used in 
atid melting pr-.t-eaBes. as wefl a» in reduction prope.^es wliicli do 
e place at iower temperatures. This n-duction is brought about 
ig to Goldachm;dfs methcxi, which coiif<isls in mixing tlte oside 
rwtal to l» obtatiiod witii aluniiniuin powdtr, iuid to i|;nite this 
freductiun mass) hv means of a mixture of aluininiuni nnd BnO, 
inaai). liy this method iiunierous metals which were toniierjy 
Id reduced with difficulty are mow obtained in ft very pure aiid 

iiuium <IirisoIves readily in hydrochloric iicid or caustic 
I'th the development of hydrogen: Al+KOH+ILO- 
3H. It (jissulvos in hot sulphuric acid wth the generation 
id it is only slowly acted upon by dilute sidphuric acid and 
1, «s it becomes covered with a thin laj-rr of AI,0, beMdes 
Inder the air-pump receiver it dissolves readily in all 
he protective layer of gases is removed. On account of its 
ud its stability in the air it is very extensively uhwI in the 
1 of many useful objects. 

a. Alloys oj Aluminium. 
iper iilloy, aluminium bronze, is charflcterizcd by Ijeing 
nd stable an<i by its golden color, 
ira is an alloy wrilh magnesium anil has projicrtics similar 



alloy with tungsten and i^i much i 



Citable 



h. CtrrnpotiTuls of Aluminium. 
im Oxide, Alumina, AIjO,. Occurrence. In colorless, 
iesag;oii!».l crystals it is coninduni; colored red ivith chro- 
[ed ruljy ; colored blue by cobalt it is known as sapphire; 
h-grny crystalline masses are called emery. 
m. .-Vtii or pilous by heating aluminium hydroxide; 
iV beatiris boron trioxide with aluminium fluoride, 
- Al,Oj-J~ 2BF,: also by passiiiK chlorine over rc<l-hot 
linate, 2XaA10,+ 2Cl -.MA+2Nsn+0, as well as in 
s procesw* (see above). 

:. ?Je?c-t to diamond and boron crystalline alumina is 
of all bodies and forms colorless hexagonal prisms. 
iluralna is a white odorless and tasteless powder which 
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, Ag, Tl, or NH„ or an organic derivatiTc ft, 

i arc called alums and, according In the moDa^ ^ j«i«»nd t**"" '^■cowl*^ 

^in, are desigiiatwl potassium alum, sodium *",■ 'ril(,C»l.»^,.7r« anJi!!!, 

.ilvcr alun., etc. ^Iw^W^!!:;^'""' ^»^' 

id cliromic sulphates and tiiosr of inilitun saai .uivfj 

lie sialts witii the »ulpliat»< of I he nioiuivol«i| 

lalt^ liHve the same shape and cuniiMHiitioit, 

3 also applii-d to ihcse douLilc salts. 

omorphous double salts having the formiiii 



■re M niaj- beK,Na,Cs, Kh, Ag,Tl,orXH. 
In, Cr, In, ortla: 
I2H,0, So'lium iron alum. 
12H,0, Aniiiinnium chromium ahim. 
12H,0, Potassium manganese ahini. 
■U(NHJ(SO.},+ l-2ILO, and 
urn, A1K{S0.),+ 12H,0, are ihc most import- 
s and are at ihe preicnt time more and man 
by aluminium sulphate or so<lium aluminate 
iinium Hydroxide, p. 250). 

1 alum-stone (nlunite), AlK(80.),+2AlCOa),l» 

inn with wat^r, when tlw aluminium hyditnltM 

.he potABsitmi alum isolitainedrriim IhesiilutiM 

alligation. 

im the nlurninium sulpliatt> nbtalneil fmm ulun 

o, by treating its solulion irilh pula!<aiujrj tf 

evaporating to eryslalliiiBtion. 

zolnrlesB nctaliedral crystals soluble in 10 
acid reaction to the solution, and whifii nii 
it«r of crj'wtalliaation, and nn furlhiT jifnn!;'.' 
hydrous while poroiw alum (burnt -i1";.. 
in water treated with some alknli cbfIkmliIi' 
,-a[>oration in cubes s^' wi-callivl neutral of 
iluhle in water with neutnd renrtir 
■a, Ocrttrrrner. .\a constituent of themort im- 
th faen Aluminium, p. 24S1. almoin 
n-stnne, and ns ordinary clay, and in the pure 
nlin, i>orcelain earth, arplln); n..\I,lSiO,)j- 
e layers and is produced b<r 
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i k Boluble hydroxide, sulphate, carbooate, and silicate, also 
-lay repUt^ tlie alkali metalB in the aluma. On the otiier liand 
*~ tnces to teud on accuutit of its chloride aud iodide, which 
h diHicutty, aiid ita insoluble sulpliide, and olao on account 
__ . t^dcKl pri>pcrties. 
Hiamuta occurs only in combination, up to 17 per cent, in crookesit«, 
i to a lesH extent in many sulphur and copper ores, in certain brines, 
^^iaUy ttuvse of Nauhelin, a:id in nylviiie oiicf carnallite. It is obtained 
the electmlj-sia o£ ita chloride as a very soft white metal which melts 
3(10° and vaporiites at about 1600°, has a HpeciGc gravity of 11^, and 
ic>< oxidizes in moist air. Tlialliuiu compounds give a beautiful green 
or to the coInHeHs flame, and the spectnini of this flame connsts of a 
^ bright-greeti line (fcrfXioS, green bud). It is prpcipital«d from its 
utions by animonium sulphide as black tnalliuuL aulphiUe, Tl^, which 
i[>luble in dilute acidd. 

Tm GROUP. 



These elements 
^tnsdivalcut an.. . . 

tJke ^con they for 
oiides, «t«., and their 
m, fomiiiig salts con 
aiides; thus ootas-iiu 

On strongly nentijig 



Tin. Gennanium. 
Titanium. Zirconium. 

ith csriKm and nilici 



acid anhydrides 
They decoinpoae watci 



Lead. 

Thorium, 
n form a group (p. 1851 and 

'■uiidB. such as volatile tetra- 
liiic witli other metallic fluor- 
i-iiiiiorphous with the .silico- 

iiU-s (lead into PbO or Pbp.) 



t precipitated 



Hily at high temperatures. 
"ntaniuni, Birconiuin, and tlioriura compounds a 

■n their neutral or acid solution by H,,S. Zlrctiniui _ .. _ 

fcUB ©»-e double salts with pntassiimi sulphate, Zr(S(J.)i + ICSO, + 2H,0, 
ich »re insoluble in saturated solution of potasBium eulpliate. 

1. Tin (Stannnm). 

Atomic weight 119=Sn. 

Occirrencc. Very arldom native, to a slight extent as SnS„ but 
7 widely dUtrihut^Mi as casstiteritc or tin-stone, SiiOj. 

PxTpamliim. Crushed tin-.-itono is purifi«l from foreign materials 

means of ivatcr, roasted, iiud tlien liejiled with coal. The tin 
M obtajttod contains other inetaLs and is therefore elowly heated 
un to fii.'^ion, when the more readily fusible tin flows off, while 
; tnore inftt-^ble metals reniaJu beliind in the unmolt^n state. 

PivpertieJi. -Silver-white, soft, nialteable, not tough metal hav- 
[ a specific grarity of 7.3. At 200° it hecomea so brittle that it can 

pulverised, at 231° it melt* and is covered with white tin oxide, 
d >t about 1600° it is volatile and bums, when air is supplied, into 
i£oxide (tin-ash). It is stable in the air, hence it is used in cover- 
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\d lnas~ obtained, the tin salt ol commerce, SiiCI,+2H,0, formi 

tiocliiiic crystals wlilcl) > bei^ome anhydrous at 100° aud 

iilulilixe wilbout clecoiu posit ion at a red heat. SuCI, isaolubli; \a 

i:>it'X, but wbcn cotiBideruble water is added thereto it dccompoees 

"' solution bcuomes cloudv, due tn the funnatioii of basic Btoniioua 

It. Sii(UU)Cl, whicb giies bitu solution again on tlie addition of 

Tbe wune precipitate is obtained wbca tlie clear aqueous solution 

.-■si to stand in tlie air; 3SnCI, + U + H,0 = 2Sn(OH)a+8nCl,. 

1 i< iidency to oxidize is so strong that even dry etannoUE chloride, on 

>_•^{Hl~llre to tbe air. Is Iransfomied into tin oxycldoride, SiiCtCl,, and hence 

9 III Energetic rHlucing agent. In n^ard to its use in the detection of 

inenic see p. 177. 

Stanaous sulphide, SnS, ia obtained by mixing a stannous salt solution 
■ith 11^. which romis an amorphous lirownish-black ponder.or by melt- 
Rg tin with sulphur, when a lilulsh-Rray cryatalliiie mass is produoed. It ie 
i0ible, iiiBoIiible in dilute acids and alkali nionosulphides. It is soluble iti 
Jlcali polytnilphides, fomiing alkali Eulphostan nates; SnS+K^,=K^nSr 

c. Stantiie Cmnpouiutg. 

Stannic oxide, tin oxide, stannic anhydride. SnOn ocrtira as tin- 
done in quadratic crystals or compact masBCs.seldom while, but generally 
!(dored. It is produced as fine needles by heating tin in the air. or as an 
umrpbouH while or vellawish powder by heating tlie two stannic acids. 
riiLipiinderisiusolublein water and in acids, but soluble in alkali hydrates, 
'otinine Hlnnnates (see below). 

SUimic hydroxide has the lormula Sn(OHl, or Sn(J(OH), according 
o lliB method of drying. Roth these hydroxides ore known as ortho- and 
netastannic acids. 

<M<io«btnnie wrid is produced o ' 

_, „ . Ills solution 

>rieciiHtate wliich wbcn dried forms a ^'itmtus mass. It dissolves readily 
n acids, forming stannic snlt«, and in alkali hydrates, forming stannic acid 
^la or stannatea; thi^s, NaJjnO^ which, on evaporation of the solution, 
«*ay be obtained as crystals and from which acids precipitate ortlio- 
tannic acid, which is soluble in an excess of the acid. On allow- 
Dg orthostannic acid to stand under water, it is converted into meta* 
tannio acid and is then insoluble in acids. ,Sodiuin staiinate. Na^nO,+ 
tH,0, is used in «>tton-printing under the tuiiiie of " preparing-salt." 

^fr^all^an7tir arid Is obtained by heating tin with concentrated nitric 
ri(i as a white powder wliich is insoluble in acids. With alkali hydralea 
. forms salt.'!, nietastan nates. These are insoluble in the alkali hydrates, 
W. on the contrary, are soluble in pure water. 

Stannic chloride, tin chloride. SnCl,, is obtained ini heating tin or 
lariDous chloride in chlorine gas. It is s colorless, fuming liquid which 
oils at !I4'. With a little wat^-r it solidifies to a soft crystalline mass. 
nCI,^-;rH,0 (butt«r of tin): with more water it dissolves completely; 
n boiling the solution insolul>le metastannic acid separates out: SnCI,+ 
H.0 = H^SnO, + 4Hn. The definite crystalline double salt, 800.+ 
NH.CI. serve* in cotton-pnnting as ''pink salt." 

Stannic lulpliide, tin sulphide. Snfl,, is oiitaiiied by treating a stannic 
Ht solution with sulphuretted hydrogen. It fomi.i an amorphous yellow 
Dwdcr which is insoluble in dilute acids. .At a red heat it decomposes 



3- Lead (Plumbum). 

Atomic weight 206,9= Pb. 
■e. Very seldom native, l,ut widely distributed as 
seldom as cer.issito, PbCO„ wulfeiiite, PbMoO., cr^oite, 
^^ISl) "^^*-**^»'^bCl„ anglesit«, PbSO,, bournoniU', 

m-plll^ ^^ii^lr^^y from galena by tlie lollowing metlioUs: 
raSr^^^if "^*<*" "«>'"d. «here the lead sulphide is 
i aiilnK .P*^*^*^^- Lead sulphide is roaated, wherebv lead 

hr^Dol "^f^ ■ Produced: PbS + 30= PbO + SO,; tn.S + 
.fnrmE? -^ I* *>■•»" ia then shut off, when the oxidiMd com- 
p:!!c!TV '"™ If"** l^-y the utichnnced lead sulphide present: 

1 ™?'' V ^.^liS<l. = 2Pb+2SO,. 

„_,- "^'"S forcii^n metals. The Bilvnr contained therein 

ortimg t^ the niethod descrilted fp. 23R1. If this is done 

m process, tHen tlie lead is trnnsformed into lead ovide, 
1 again by means of carbon. 
Hliiish-gray sViining metal, very soft and ductile, 

11.4, It lc>a.ve8 a mark on paper; melts at 335", and 



I wUh 



t\ fTTtiy scum called lead-flsh (PbjO + PbO); at 



!es,atid burns* into lead oxide on the supply of a 
y in nitric acid. When compact it is not attacked 
hydrochloric acid, as the lead sulphate or lead chloride 
icount of its insolubility, proteeU the lead from 
In til*; presence of air it ia even attacked by weak 
tor insta-nce acetic acid; hence it must not Iw used 
tensils. Tr» dry air it remains iinchangeil, while in 
i covered ^vitb a tliin layer of PW. It decomiwses 
white bea,t. ; \vith water containing air it forms in the 
contrary, lead, bydro.vide, which is somewhat soluble in 

I dE air a.nd -^v^t^r on lead is of importance, as lead pipes are 
jnveyance of -water, and lead salts arc poisonous. Ordinary 

in beViavior lowards lead according to the salts cdhtuinecl 
? lead is more readily dissolved when thloridca and nitratea 

but if, on t\\e contrary, the water is hard, containing car- 
sulphates, t.itcn the insoluble coating of lead sulphate or lend 
hich forma ii^ the lead pipes protects the metfll from further 
nal tl>e -water that flows through is unaffected. Chemirally 
does not. f o>-n> any protective coating. 

ccura divalent as plumbous compoimds and tetravalent as 
omiwunds. Most plumboua eompounds are i^oiuorpbous 
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,, producing acids; ii 



I^vatlent th^y form compounds wliieli are similar Ui those of the 
siuui group, a« well as to the cupric coupouiidH, especially by the 
lor of tlieir Hulpbfttes and their earlHiiiates. 

Triv&leiit they form compounds which are coiistitulfMi analogously 
ee of tlie aluinliiium and chromium gruupe. 
MMtganeae and iroci also occur hcMivaleiit, p 
: alao tetravaliEtiit and heptavalent. 
le six elements ot the platinum group as mentioned on p. 55 are 
to tlie toetaia of the iron group with regard to chemical properties 
ttetr position in the periodic system. 

I. Manganese. 

Atomic weight 55= Mn. 
icmrrenee. Only native iii meteorites; combined as pyrolusita 
irownrtonc (MnO,}, braunite (MujO,), manganite, (MnO.OH), 
mannile (Mn,0,), rhodochrosite (MuCO,), alabandite (MnS), 
■v» of manganese are fotmd in many plnnts and animals. 
Prrpanttitm. By fusing manganese oxides with carlioii or n-ilh 
iimiuiii (p. 248), 

Properties, Grayish-white, very hard, brittle metal of specific 
rity 7.5, melting at about lOOff*. It oxidizes in moist mr, decom- 
n, boiling water nith the generation of hydrogen, dissolves in 
iciil'', forming nianganou.s snlti', is not, unlike the other metals of 

gniup, nltracted to a magnel, nor does it become magnetic. 
Diviilent inaiiganei^e fomui the manganoiis compounds, triva- 

miinguntaic the manganic compounds, the liexavalent manga- 
tlie manganic acid compounds, and heptavalent manganese the 
innganic compounds. 

a. AUayii of Mnngotiesc. 
uptu-manganese, mauRanese copper (30 per cent. Mn), is a eoiistituent 
inuua alloys of copper having great hariliicss and toughness (manga' 

liroMKes); xpiegel'Cisen (10 to 20 per ceiit.'Mn) and ferro-manganese 
Ai 70 |ier cent. Mii} are of importance, as they make varieties of iron 
T and toURher. Manganin, aee Nickel. 

b. Ma>tgan<mn Compotitidn. 
[•nganese monoxide, mangaiious onde, MnO, is obtained by henting 
tanous ciirlMinat* in the absence of air, or by fieaUng all oxiiios of 
n'lese ill a current of livdrogen. It le a green powder readily solu- 
I acids, and quickly o\idi»e« into brown ninnganons-manganic oxide. 

■oganouB hydroxide, Mn(OH)^ is obtained by treating a manKunous 
folution with caustic alkali, when a white precipitate is fornitKi 
I quickly oxidixea in the air into brown matiganic hydroxide, 
inganous sulphide, MnS. nccun* as nuiiifcanese blende (alabandite) 
ck cubes, and is oblnined by treating a iniingani 



ir. suit solution with 



„ mane""""!. ''•i^ '>Ut„, ^ "* 

,„„ sulphide ^H^ "■'"«''«,e,. 

from niaiigj^ ' *^^«.: ^-t^r ,. *oev 



^ 



iv-er-,»ea-, a„j " "»"t., ^S.S „ *■ 

._. whieh otte,, , >»'^„ '""i-i,, ''•• 
mcoade.Fe.o. '"•!» J^^-^te ''°°- !>«■ o„„„, 
»idc, Fe.0,, .„•■«« n.„"^t,,^«^.a.„,.„ »^l...«,-. 

, .1.,- » ml cla,. '.'^ h "^x^tic ), *'«"•: "°""» M 

,.>pMd., Fes.. ^^ ''•o.+^;4;!;;«"..C°'''-''W 

lied m«rc«iie "^on ^ '" " ti«„„ 

™.ulpl,id„, 5J. "eufar „ . 'Wfflalite 






sulphide. FeS. 

Htd marp&tite ' "*^n ^ ''" "« l)ix)i 

™ lulpliido, 5t. _ "eula, ^ 

™rl»n.,e, F«.o''^-t- S.^_„ °' 'Wile. .„j 



"<O.V, 

" .talup.. V '■» "Vv,„- ''*"■ On roa.ling the 

Vfr ™'""'- "t "'■■«' »"<!. FecL,ulplmte 
1.V l» l«rts c„iji ,.,, "<^f«!r by the »et method 
''.^^\«Wt»«um,ec» i.^t^ ;"■• "••wluhlem alcohol, .„d 
' «e " '°"','" •""TOor^, " '"■■« o"* (P- 130). 
,,|i5,\led Mohf • «»1,,. !''»';>mo„ioi,,,ulph.t8, feSO,+ 

tet^V"" "• >>■>" •ui^;^:'?obt«,,rf«,.whit.i>owd» 
^it'P ,t. **^ per eent. of its water and 

>'«»«"• Jt»l«. "l""'*- ■>» \V,„o 'V; ™"0 " vivianit". I- ob- 
ipi^V-'Vintt ^*'"""* »iv\t „\^.*'Y. ^"^ ""^''•''■■'"■''^■batBoluble 
eP,-e»^V,.J\'ectiii\t^si «.-,., -"*->"ii8 with sodium pliospiiate. 

ii»'^..e, ' ,v„,\ii^ta (.Vtfl,\,,i, ^-.'Ir"-*'-' "^'" ■"* '" yeUowish cry*. 
AoO*'l,o"' ;„i- ii»]\,ne-m« *»ri_> tnoiuorphoua with Farhonatm 
or*t" ;,ilO. T. ia o>>ta.n.,,irT'' **^ *^" "« "''"' "'Ckeloiw and 

•KV ^^'^ *V "f ™«V t "^»«iati".. for a bnR time, i mixture 
■"■^^ >A ^-^V^*' f*?tr ^"•■'V.s the official Fern carbo.ias sac 

» Vb^>'» JcO^ " *^^* called chalybeate waters. 

Of o^*^^^, «^xt«iisjvely In nature (p. 277). It is 
^ oitlAei **^- y^oue Tedd\alA-V>rown powder, difficultly soluble in 
'^t^5Bna'«''*!V,cii VitrioV {,\n the maiiufacture of fuming sul- 

v,y \waX»i*f ^ g^flo tvom f t-rroun or ferric liydroxides. 
■'oftCvAiV' 1' ¥*'*'^^^^»' **'""^»>rs a:* brown hirmatiti' (p. 277), 
FMtlcl'V*^* "yj,t, trtv •;x\iosmK iron to moisl air. It ia ob- 
I ■« ntodur^ ^ (crtvc Ba.\L »nUn"ujti with an excess of caustic alkali 
nwHiy mi''^*'** ,p [_p. "iM) wliich pves a redttish-brown precipi- 

am">«^a •"^^^^^^el »"^ veatVily soluble in acids. It may be dried 
„. inpo^i*'^^"^."* (orTOiiiK an amorphnus Rraniilar niasa. When 
'. carfttH\ \»«i»i'^P' .^ serves as an antidote in arsenicftl poisoning 

l> l?*). poo it fonns a MM»lled iron soucharatei 

' wHi. "S'ST'Vil©'. *..h 1. ~«iay ">i»M' i» •■"•' 

jrtjW.+^t'"-^" 
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iron aalts. fi - ^'-'^ black ferrous sulphide 
precipitate b readily soluble in 

rroeyanide proa*!.- 
whinh QuitrWl - "*^^=* wiih ferrous salt solutions 

,nmediut«lv xX,Jl^^^^*^'^ ^^ ''^''' '*'"''■ ^" '''"■'" 
Cyauogon (.' **^*^icc« a deep-blue precipila(« of 

errieyanide „r ^""'*)- 

Turiibull's 1.1 ""^»*=ea immediately a deep-blue 

■ reddish-browT ''^'' ^'"""^ '""^' "^'^^ **^'' 

(which a " <^oloraiion. 

I. («.^ . P''*»<^Hicc« no eliaiiee in ferrous salt 

1 feme salts it : .- , ■ ,i ■ , n . 

. , **- immediately gives a bluish-black 

nt of common ink) 
.ulphocyamde (^.,;i,,, ^j p^^iuees no change 

bui w jtli ferric salts it gives a blood^^d colora- 
lUsulphocyaniae, Fe(CN8),. 



A.ton\ifi 



Cobalt. 



Weiglit 5fl=C0. 

Native only Vn meteoric iron; combined as safflorite, 
=, C«S.\s, coV>all pyrites or linnieite, CoS+Co^„ 
trythrite, Co,(AsO.),. 

Ill all ewbttlt ores ,^buU is in part replaced by isomor- 
n, Vne aeparatioii of tlieae meMlfi takes place In a similar 
ijantiUtvye analysis. We obtain ftnuUy by tliis niHthnd 
B, which 18 mixed with flour into a douKh, this prcsa-d 
«, dried, and heated to a white heat in large crucibles sur- 
anoal powder (.culic cobalt of c 



. UeddiRh-wUitc , ductile, tough, shining metal having 
»iAty o! **-9. melting at about 1800°; it is attracted to 
A \iVe irot\, is temporarily magnetic and jiassive (p. 278). 

ch&i^SP *" iniiTst air; decomposes water at a red heat; 
lowW ii> hydrochloric or sulphuric acid, but rapidly in 

dirining the corresp<)Mding cobaltous salts and H or NO 

alcnt it tonus the cobaltjiUB compounds; these behave sim- 
» inftttinsi*"'" comixiunds (p. 229) and are very stable. The 
. - gCTies are mostly red when ibey contain water, and blue 
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*-* <*<=«:!ui-3 niuno- mid In- 

Cot>a.Ifc. Isli<-Uel 

Uht>«L|-.v.m. Pallaaium 

Inaiuni - natit.um 

^J;**" ** *" - *-""•-. t-et-ra.-. und mtavalent, 
■fheit he^caviileiit salLs corresponding 
"K^"««e and i-ut-heitium also opt-ur 

occur tii-, tri— , a.r»<l tetravuletit, aod 

•ivalent. st^a-Wte t3a.lt«i forrispoiiding to 

They ^l»o foriTi corapW amine 

;cur <ii- a-nd t.«t.ra.valent, nickel also 
arfxt a.r»iiiJ^ »zi.lt«« -^iLh NH,. 
vrell £ts Kold. form, aJ* cyanides, pora- 
Sf and a.I»o txii oliloriilcs with alkali 



avity 



»r 1 1 .ft to 12,1. are oalleil the 
rtg a, specific gravity of 21.1 to 



^urum >- 

t 1»7.12^ A.U. 

vitH silver in *.h& crystalline rocks 

satherine of the s«me. Nearly aU 

of gol<l- 
-ocWh c:o«t«ir.-.«p: roW arc stamped, 
1 all UgUt.*.r j»«rt.icles art; removal, 

. . , The wsMicls may also be 

r i" fom^a «^" »malgi>n., and ihe 
,«1 Bulcl t>y distiUatioa. 

__-..^l«^«.«i-iatioii process, are 

art^ call »**=** f „rro»JS sulplial* (proce«, 

,,,„ silver, -which i 
tt«<l tro'" "?S („. 1601. orw 
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PLATINUM, 



■2'3\i 



1 tlie platiiious coiiipomids and li 



Hatinum occure divalent 
the platinic compounds. 

a. Alloys of Piatimim. 
Plat'iDuin alloyed with 2 to 3 per cent, iridium is ordinarily used. 
1 it is harder and more resistant to ciiemicals. 
b. Platinoun Compounds. 
Platinous oxide, PtO, is oblajaed as a gray powder on carefully heat- 

PtatiDOus hydroxide, Pt{ClH),, is obtained as a black powder on 
rwuiins I'iCI, with cauatie ulkall. Both of these compomids dissolve in 
,^/» niid ncids with the formation of salts. 

Flfttiiioua chloride, FlCl,, produced on heating h^drochlorplatinio 
leH (n 280°, is a green powder, insoluble in water, which readily forma 
tJMr double aalta with the alkali cldoridcs, Na^tCl,, which are derived 

HydrochtorplatinouB acid, H^PtCI,, which is obtained on evaporating 
tCl, with Hl'l. It forms yellow crystab. 

PUtmamiaes ia llie niune given to the compounds of platinoun salts 
ith immonia; e.g.. PtCI,(NH,). PtCI,(NiI,)^, Pt,Cl,(NH,). etc., in which, 
placp of one platinum ion, a complex ion with one or two divalent plati- 
ini atoms exists {p. tH). 

c. Platinic Compounds. 

H«tinic oxide, PtO„ produced as a black powder on heating Pl(OH)„ 
id lietiBves like this towards acids and bases. 

Pluioic hydroxide, Pt(Oll),. platinic acid, precipitates as a reddinh- 
■t>«n [Kiwdcr l>y troallng a solution of platinic chloride with eaiietic 
,kali It dL^wlves in an excess of caustic alkali, fonoing poUissiuin plat- 
alt*: eg,. Ft(OH), + 4KOH = K,PlO, + 4H,0. It dissolves ui acids, 
iculinc the corresponding platinic salts; e.^., Pt(SO,),. 

Platinalet are also produced on fuRJni; pblinnm with alkali hydroxides. 

Flifinic chloride. PtCI,, i.t produced liy Ihe action of clilorine upon 
IkUniirn at very hii;n temperatures and heiiuc is better obtained by healing 
l,Ptf'l, ill a tnirrent of chlorine. It forniB reddish-browii crystalline 
nttsses whifh readily ilissolve by water. On the evaporation of its watery 
ohiiinn Ptf^l, +511,0 separates in vellowprismH. 

HrdrochlorpUlinic add, H^tCl, + 6H,0, platinum chloride of com- 
nera, i* obtained aa red. deliquescent crystaU by evaporating a solution 
}t phtiniini in aqua re^a. 

f'^lontplatiruUet. Those of potessiimi. ammonium, caleium, rubidium, 
KB well Its numerous organic bases, are difficultly soluble 
B,Ptn^i« uited in ehemiwil analysis. 



rater, hence 



_. , _ ,, s a black precipits... . 

'ilti the exception of oqnu rceia. by paa!>ing H,S into platinic 



s obtained a 



te, insoluble 



Flttimc sulphide, PtS,, i 

in sll Bcids. with the cxceptii . _. _.. .. .„._,_ ^ 

ibU nlution?; alkali sulphides dissolve it slowly with the formation of 
wl)ihoplntinic raits (p. 176). which are derived from 

Sulphoplatinic acids, H,Pt£, and H,PtS,, whicli can be separated from 
ihe mmfipmidini; snipho sails, 

Plt&nuBines are the compounds of platinic salts with a 




INORGANIC CHEMISTRY. 



tc., and which have a rousUtutioa Analq 
c salts {p. 2Sfl). ^ 



d. Dettelioti of Plaliniim Compoundi 
1. When fused with soda on cliarcoal they yield gray porous pbitia 
f platinum) without iticruatatiou. 

lulphuretted hydroReu procipitatea black plaljuic or plati 
phide Irorii its soluliorl. Oti llie luldilioii of aiunioTrmm chlond« or pa 
siuni fhloride to its solution in ai|ua renia, the mrrefipondiiiE hvdroci 
platinic acid suit is preejpitatcvl (p. 2Q&), or finely divided plal™-- ' 
precipitated from ils aolutioiis by metallic zinc. 
3. Palladium. 
Atomic weight 106.5-^ Pd. 
Thia metal occurs only native and in the platinum nrea (prep 
p. 292). It ia while, has a specific cravity of II.!), and inelts a 
1500°;^ -n-heu finely divided aa so-railed patladiiim black it diasolvai 
boiling with concentrated hydrochloric, acid, Hiilphnric acid, or t ' ' 
It has the property, especially when tinely divided, of absorbing 
even 980 tunen its volume, with the formalion of a solid solution (p.' 
which appears like palladium and has an euergetic reducing power i 
nascent hydrogen. Palladium occurs divalent in The stable palU 
compound's and latravalent in the leas eialilu pallndic cumpounds: t 
PdCl,. 

Compoundt oj PnlUulium. 
PalladouB iodide. Pdl„ is precipitated front solutions of iodide> 
palludiiirn snlla hk a black puwaer, and is used in the quBnt4lAli\;e ttOil 
tion of io'linc in the presence of cliloiinc and bromine. 
Pslladous chloride, P'lCl^ forms brown masses, 

Palladic chloridoj PdCl^, iB known only in soUilion; from Iwth at IL 
alkali chlorides precipitate the salts of hydrochlorpulliulona acldi H,Fd 



and hydrochlurpalli 
4. Iridium. 



c add, HjPilCI,. 

. Rhodium. 

Atomic weight 






Ai. 



Ruthenium. 

.■ weight 
101,7= llu. 



n the platinum iire» (preparation 
Is and aqua rcgia, liut when alio 



103= Ilh 

These metals occur only n; 
292), are insoluble when pure 
with platinum are partly soluble. 
heating the respectii^ metal in a tu, 
ttUhne. rather soluble complex salts 

K,RuCl,. Na.IK^I,, (MH,i,Rhri.. On dissolving Rn and Ir in nqii 
RuCI, and IrCI, arc formed, which with 2 niols. of alkali cbloridi 
rather soluble compounds which arc isomorphous with the 
platinum salts; eg., K-RuH,. I ?flH,),lTCl,. RhCl^ luid RI1CI, an 
known: on the other hand RhCl, is found. 

Iridium IS liitht (cray, ductile, has a speciRc gravity of 22.4, and 
at 1950°. Its riame is derived from the various colors of ite compoul 

Rhodium is light gray, ductile, ha.'* a specific )n«vjlv of 12.1 and 
at aboutlSfiO". Its name ia derived from ilsreddoulileclihtndPAf^i 
rose-red). 






He mutual" *^^rl>oii atoms combine, then rax bonds 
via.1 U.nion etc. Tims: 

■\ \ch * I "^ *''»t«"oducecl therefore contains only two 
ler atoms or groiips of atoms, depending 
lence, can V>e united. It we consider these valences 
psiance witH tiydrogen, then we obtuiu the comixinnds 
"'^"« ^*-c-, or CH., H,C-OII„ H,C-CHrCH„ 

ftfCH,. etc. Kach of these hydrocarbons {ae well 

^auvcs) differs from the previoua one by CH, and hence we 
^^ tViis series \>y t-he general formula t',H„+,, where n can 
,^cl, luU number ; e.g., C„H,>,. 
„( these combinations can take up more atoms or groups 

^lian at* represented by the formula C,H„+„ because the 
- vo^*^"*^^ **^ the C atoms are ncc&ssary for the mutual 

^.^,^p atV r»''"fa^"»-tions wlijphj-nnlfliii P. ntnma whii.!. urn uniti"' 

.nit h one bonti each, a re called gaturatixl compounde . 
id« floturated compounds we know of otiiera which contain 

united together by more than one valence. The individual 
parbona nt these series (as well as their derivatives) differ abo 
one another by CH,; e.g., 

CH,-CH,. CH,-CH-CH,. CHrdl-CH.-CH,. 

ChWh. ClI-C-CH,. CH^C-CH-CH,. 

■he eompounda C,H„ C,H(, C,H„ etc., correspond to the general 
ula C^H!". l'^'*^ compounds C,Hj, C,Hj, C,H„ etc., to the general 

1 (; H,H-»i whore N represents a full number from 2 on. 
The union of the C atoms by several bonds does not d<^ni)lj' 
rmcr mutual union of those atoms, as such combinations arc in fnrt 
^j, more readily split than those where the C atoms are simply 

liwd. 
Compounds with multiple-united C atom.'< can be converted into 
mpound? having the C atoms in simple union; thus the compounds 
ftvingthe formula C-»H,n and CnH^., can be ronverted into com- 
munis hurinfi the formula C„H,„+, by the action of hydrogen. In 
hM cases the C atoms with double and treble bonds are changed 















C-OB 



CB. 
Ctt. \ / 




, or more i 



PT-oiMirti^-T" * *^ut- which exliibit certain 
iied \\g\»t.) a,»^(i *-^**«" example, variation in 
o}ilically -isoTuc-r-- ^'*'*^'^l' arc therefore called 
. isomerism i>i ,1 *" ^^ompounda. 
lies thomjielvets ■ *** ^ varied nrrangement or 
""'"" "t ajuicare only in solid 
, (-rv-t I " " ""■■-"ZaLion of oiie and the 
llurther the ^ror^*^*"^^^ (dimorphism anil poly- 
pe «y o£ \>^\^rr,^Y pa««.^e.i bycertmn.ub- 
'„,„ „. "««» ^' Ken the substances are in the 

state, numeVv. -wli». *i_ < > f . 

/-> T.-.> "rtfi^-eii the molecules are free to 

£>lher (.p. 38). 

ot physical i«on^eri«„^ can be cau^ onlv by the 
aton.3 »n t\»e t.ioI««^^j^_ and is cxiubitid in the 
^eric compou»d« wl^u-h hove tl.c power of divert- 
^y o! hght equally strongly to tlie right or to the 
^ in the meU«a ..r dissolved c.mdilion, namely, 
[g0 are free to muve about oni? another (optical 
0nd of phyMiea.1 isomerism is also exhibited in 
^jj \inaaturaLe<l isomeric compounds which differ 
* ^U t\teir pUysVeal and in certain of their chemical 

ft ol pViysical isomerism cannot be explained 
■ "( aW'ict^^c or constitution (p. 30), since it is not 
I *' ^je how & diR»rrt^in-e in the structure of the given 
. *■ »^ can be pofK*ili\e, but it can be explained if the 
jo**** . ot the atoms in the molecule is taken into con- 

As v.\>o'*e iaomcriMn) can only Iw explained on 
■oi«V°'*^ diRtTcnt spatial arrangement of tlie atoms in ^ 
-' %^ rfcrc"i«o"»«-i^ {ffTfp^o'-. wl'<l '""ly) and. this' 
. " .^f,>, or spaee-ixmnerism, also o«o- or geometric 
JH^^ ^«\ii" roiirpsentinjT th«w comi«unds are called 
^ T\\c '«^ anrt in«tpad of i-peakinE of the slnicture c 
■»^'"^ '""tlcV '^^^ '^* expre^-- "■■'' 
!;?£«^^°jtnrtU.ut>onal formula, represent, the bonding 






mfiguration of the 
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together of the carbon atoms and the distribution of the Atoms 
radicals combined w-ith lliem in such a manner that the formuk 
always hea in a single plane: but since all bodies, including moh 
cules', must extend in lliree dimenuone, this is not ex(ir«»ed in U» 
original formulas; indeed these are actually contradictory to niao] 
facts. 

'or example, by assuming that the tour valences of caition all lie ia 
one plane, of all compounds of the torninla Cafi, (where a and 6 repn-wol 
different monovalent groups*), there would be two ieomcrB poatiUe, 
namely, one where a and a and b and 6 were adjoining, and one 
tliey were separated from each other: 



>< X 



wliile in fact only one such compound (for example, only o 
chloride, CH^Ij) is known and nolliing poinI« to the exii 
such isoninrs. Of all compounds liaviiig the formula Cabcd there n 
exist for each three isomers, namely. 



X X 




e possible 
a) Isomers in t h( 
4. If a group b 
two of the groups n, then 

B both fiRures can be made 



of simple saturated compounds. 
still another group c takes the place of 
le coiifignnition can be eonci 
rorrpspoiid bv t ' ' 



ire known, for example, two chlorbram. I 
iodomethanes. CHCIBrl. 

When a spatial configurntion ia assumed for the carbon compoundi. in 
accordance with the theory proposed oy Le Bd 
and van't Hoff all of the previoualv inp~»>—- J ' 
difficulties and contradiction.s disappear. 

This theory is based on the avumption Ihit ] 
the four valences of every carhon atotn arc fqittllr I 
distributed symmetrically about the spaceaumund- I 
ing the carbon atom, and that the direction rf I 
^ every valence forms the same an^le with thr <£- 1 
Sd rection of every other valence, which agrees aitlil 
the equal value of each of Ihe four valrMt*.! 
u This is best represented by plncine tlie nrtwaf 

I'm,!. atom at the center of a tetrahedron, the fmfl 

valences being directed towards the four solid ancles of the lelrahedmn. P 

If we iraaeine that in the molecule of the compound Caaaa three J 
the nmilar groups a are replaced by dissimilar groups, then the follmid 



immaterial on nhicli angle of the tetrahedron ttic substitution takM d 



5 TEREO ISOMERISM. 



■"d 3>. Therefore mono- and diBi 

«t only in one modification, a fiwt justified by experience. 
[_a ^Toup d, difTerent from a. b. c. ia introduced in place ol one o( 
~ ! o groups, tlien two different configurations are obtained, 



n products of methane 



w 




iing to whether the group a standing to tlie right or that to the left 
c :_ ■ .. . .^1 . . -ifij^rations cannot be m&de 



ifigure ia replaced bv rf. These l... 
rre«pond to oim> anotlicr by turning. 
one pictures one's self as standing at 
}a, then in order to pass from 6 uvei 
e circle joining these tbtec points il> 
lireelion of the hands of a ulock in on 
Jirtctioti in tlic otiier (.Fig. 5) 



tlie point of attachment of the 
c to d along the circumference 
would be neceseary to move in 
case (Fig. 4), and in the oppo- 





'ni<' Ivo etvstems are not identical, but stand to each other in the same 

itioii u» ftn ohjeDl stands to its image as reflected in n mirror, and many 

imnihils which correspond to these ayBtems crystallixe in two differcn't 

■.shW-h Ixmr a similar relation to one another. These are called 

.■p"r;Jiir cryMaU (^raiTiaiof. opposite, enantiomorpliism). Com- 

I- i)f this kind which ciintaiii nn asymmetric carhcm atom can be 

. .ill active, and this propertv- when'thc arranRtiment is that shown 

, Hi i. is of all opposite riunlity from that when the arrangcnicnt 

,».* shown in Fig. 5. 

At 1 matter of fact the isomeric compomids with or 
xm fttoni lire identical in rlicir chemical and mostly all 
pioiiertws with the exception of tlieir optical behavii 
|nii)«n two modifientions of every compound with 
■stheplnneof jjolr-' 



iWni(p.TO).o 

iSenthrrtn the left (npliral 

liwlhc^ also exhibit eiiantiamorphis 



asymmetric ear- 
in their physical 
since there are 
nnmetric carbon 
to the right nnd 
Wiien such compounds crystal- 



-3 T^ffEOIROM ERlShf. 



modifications, because on 




T 



e b d dbg p b d 

\|/ \l/ \l/ 



1 1 



vl' *" example, in Fir, II. if (be ftrnvngement of tl» 

in t.He \i v>per te trailed roll nirrcspniids to a rotation to the 
he loiK-pr iiulf of the iiiolerule tlie arrangement eoirespoiids 
<* the r-ifeJit. while in Fig. the arrunpenieiit 6, c, d in both 
■"rre«po,,cls to a rotation to the left, and in F^iR. 10 it cor- 
a rota,t.ioTt t« the rigJit, represeiitiTig the two optically 
lira.1.icinct. 
^'^ proeeiit. in the rnulerule of a crimpound two asvinrnptric 
*■<* "wlitcl* aro altaehed alt-oRethersix different (tniu™ (form- 
. asymnielric nmlpcille). for example, d.o-C-C-de/, then there 
ers puseitble, iiainelv, 



-B • 



(3) 



+ B' 



W 



-A 



d B r<?prosei»t tlie two totrahedrons and + representi' the 
. of t,l-tc iLtoinc in a clockwire dirertioii fi.e., dextrorotalory 
nd — represents the arrangement of the atoina in a counter. 
f Wvorota-ttiry position. 

«c asy n^metrio rartion atom.t are present in a fiingle asvmmetrip 
or example hgfC~Cab-C,cde (as in the pentosps and their corre- 
ridal. tWeii tliere are eight isomers pOB*il>lp; if four H.>iVTninetric 
nta aTe pretMMit in n.n a.'<vnimetrir inolei-uie (as in the ease of the 
l\iere nre aixteeii iwimets poBsible; »> that in general for every 
I Ua^^l>K »» asymini'trir OMrlion atoms tiiere will exist 2" isomeric 
iiliiB (e.ji.. for fi>ur flsviiimrlric carbon atoms 2'= 16 iBometB). 
tiie^e isomers arc opiic:iHy ni'tivc, lieciiuse in the presence of 

fttoniH or at.oriiic gniup*i allaclied to the two asymmetric carbon 

i compensation of the rolatorv pijwer tan take place. 

dditiOD to ttiew active njodificatiorip it is still possible to have 

loWis "wYilPh ar* produced by the combination of two active mod- 
« {or example, of 1 and 4, 2 and -S, but not of 1 and 2, or 2 and 
talKivcl- 

n the cane of r^nnpounds havmn; tlirce or more asynimetnc carbon 
in a symmetric niolcirule, the nuniluT of possible ' ' 

fot two asymmetrir --"— ~ - • ■""' -> -- 



carijon atoms o: 



B small tuid these 
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lart optically active, but Id part optically inactive, and 

active modifications (because oi intraraolecutar 

, Fig. 11). In addition tu llieae other inactive, 

*mic inodificatioiis. p. 39) are possible. 

isiu in unsaturaud coiupouiids. 

■ Cuiiipounds containing carbon atunis connected by double bo 

I sucti cases the tetrahedrons corresponding \a the asynunetfie ^ 

Ltonis are connected together at two iLpicea, namely, at ooe ed| 

therefore no rotation of the two tetrabedrnns can take place aba 

ion aiiB. The alonis or atomic groups attached to each of l| 

'trie catiion atoms must Iherefore remain tixed in their origii 

9 luce Figa. 12 and 13). 




COOH 



:ooH 







ill. CH.Oi. Fio. 13.— Fomarieind. CBiOi- 

\, The conditions here are different on the riglit and left, altboufti fliqp 
^_mble the conditions which exist when the asymmetric carbon sibim 
i attached by a sinrfe valence, and when two, three, or four '* 
,(Mpe are attached to the l«tniliedronB it is poeeible to ircngnlM In 
■omers of each which show a complet« diKerencc in almost all phpical 
nd also in certain chemical properties. 

Since the atoms oratomic gniupfi which are attached 
aiiion atonis all lie in one plane, these conipnunds cannot be DpticiJ!r 
Ctive. 

~ According to the theory of structure both malcic and fumnnr- firirl 
kat have the same formula: HOOC-CH-CH-COOH. In a Espnlinl r-yr-^ 
Btstion of these two substances a different structure is et'idcnt if inrir.i' 
Id we employ the »D-raIled plane-symmetric or cm form fFig, lil i r , . 
Hand the so-called axial-symmetnc or (ran« form (Fig. I3> forili. 
, fl. Compounds containin'e carbon atoms connected by tnpli' ; 
In this case the tetrahedrons correspondinj; to these c^lmn iii.' 
hnected by three apicfts, namely, by one of their faces, aiii) ili> ■ 

.^ form a double trianpjlar pyramid, v i:.l,i 
"^ the two free valences, juat as in the above 
I. lie in one plane. Isomers arc hm 
<ible, 

ne of the bonds 
two tetrahedrons smne apart. Tlw 1' 
aINiched atoms or atomic n^upswiUfli 
lie one above the other and llie rr '" ■ 
becomes plane-nymmetric. 

d. Isomerism in nitro)!cn oompounds, 
of certain oirimes, diazo- and aio-coi 
alent nitrogen atom is attached by two of 1 
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l\»ree VB\!r **^^f l,-^** «io not lie in a iringleplanebul 
" "t » wlV^I" o;^^,^»l«..™.oIiiis..S,o,r.i„n,in 
tV woTn^r^ *^?^»<^Ur..V. *-^S«J» a™ imagiiiea as directed 



•^ k-Tio-wn as ayn and an/i forma. 



I 



HO-s 




I 



MlBfcTIOW OF TH.K COMPOSITION. MOLECDtAB AND 

CONSTITUTIONAL FORMULA. 
^(■t to iificnV«! an empirical and rational molecular formula 
n an organic coinpou»«\ the following pssentials are necessary ; 
he c\en>ent*i *>^ wh'icl* the compounds are composed, must 
■rmiiied (qualitative analysis). 

riw propoTtioTi in which the respective elements exist in tlie 
iiiid miist be estimated (quantitslive analysis). 
Tlif molecular weight must be determined with reference to 
jslitA'ive and quantitative composition. 

The iutenn<Aecular arronKomP"* of the atoms or atomic grouptt 
, inolecule Ulie constitutional formula) must be studied. 

I. Qualitative Elementary Analysis. ^ ^v^^V 

he element* in an organic compound can generally only be 
■tril after the destruction of the molecule of the compound, 
li may be done as follows: 

lif earJxm in moat organic bodies can be detected by their yield- 
)iack carbon on heating them in the absence of air. The carbon 
be tnore positively detected by heating the substance with copper 
e (p, 236) or if the substance is volatile, by passing the vapors 
■lym-erhealedcopperoxide contained in a glass tube. The carbon 
his case suffers o.xidation at the expense of the oxygen of the 



•'Molecular formula, sis 

' '<»U ot S ""= tubco.ti The 
' " ati^l u.^ .*"■ '8 now adjusted 
"Utit o( 'P KlasK tube b opened 
■k at rf c»\i- *i,ft'>«tnnee quiekly 



' a„;j'J^'^y tepl»«d. 1 
.o ; t^ '^tpela from b a .ui! 



^".por volume, which 

1 Ue volume of air read 

■qual volume of Ihe 



"K \« \t« 
ponds 1 

*^ * *■*>« Bubstaneeatordinarr 

*~*i"ff upon thf deUrmimtim of 
' '>'**"wg-p<nn( and depression of . 

^ oi tVie freezing-point .,. 

V)iiUing-|>oint for the molecular 
m dilvitp Hohition ia constant for 
ces v,-hon pqiml quantities of the 
■e us«l. In order to find the con- j 
: Iree zing-point depresMon or the 
leyation (f) produced by 

a substance of known molecular , 
■iMiolvcd in 100 grams of the solvent 
and llitn calculated upon tlie molec- | 
the respective substance aa follows; 
■ Af : A'; hence TxAf-PxK; 
, T---.V 




JUS (P) of the substance of unknown molecular weight 
in 100 grams of tlie solvent whose constant (K) has 
ed ami '-'"' *'eprcssion of the frofzing-poiat or elevation 
point (^ determined and the molecular weight (Af) 
•dkgt^ the equB-Uon M ~ -^ — . 



ORGAXIC CHEMISTRY. 



'2\ gVAXDii &retic apid (P) diasolved in 100 pant hen_ 
the frepzing-poiiit 2.222° (D. hem-e vlie iimln:i4 
.d M = — ., .,.),," = 80, wliirh correspondft to tlw fipm 

por deusity and sliowa that the siiiiplml funuuio «b '■" .^ 
\ by chemical amUyais. CH,O-30, must b* doubk; [la ; *pr 



letbodB, on acoouut of the e 



! with 



hich lli^ 



ve replaced the chemical methods. The UtM i-jJ !>' '** 1*^''*'* _( 



nas" 



«olec"l» 






indivViua^ « 



diRerent, depetiding upon the chemical pruprriis 

nvestigated. 

id IB an acid the molecular weight may be Jpkt- 

lasieily had been learned by the aoalj-sis ..f ; 

ilty the easily purilied silver salt is. used, t. 

ves metallic silver, wliich can be directly n- u 

■ weight of the acid calculated from tliit- h.ul. 
acid the quantity by weight which unites with I 

atiais its molecular weight minus 1 iitoni liydrogen. 

■'tie acid, which \>y analysis (p. 313) may havetU 
iiultiple thereor, ia a inoiiobnaic acid, and bent« In Iti 
IB replaceable t>y 1 al«ni ciF a univalent nwtaL U 

■ determine how much acetic acid in combined ttilh 
lien we oblalii the molecular weight of afelic acid 



,"„, browns vK', 



fl silv< 



le yield 64.68 parUt wlver on tneiiieri- 
The acetic acid united with 1 atoniiE 
ffill he 60 partB by weight: 



fM.eS: 35-32;: 108 : i 



? acid, 1 atom H is replaced bv 1 atom Ag, lini 

50 + 1 = 60. which corresponds to the runnula C,(l,l)j, 

be CH,0, otherwise the molecular weight woul I Iw 
CJliO„ because then the silver «alt must eiintain 1| 

IB irapoBshle. The formulae C^H.O,, U,H„0« are 
icetic acid wjis bi-. In-, etc., basic. 







ictcTW"' 



,V^mW 



••P*'-'-^ C«ece^ 



jolPCi^ 










■ •^"=>>. and methods of („™.a„" 
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Aluminium chloriiie brings about the union o£ chlorine derWat 

the raerhane seriea wilh hydrofarboiis ot the btn«ol series: C4U,+ ,_. 

.C,H.-cil,+HCl. i;,U, + 2C,H.Cl=C^,-(C,HJ,T:JliCL C.H 



-c,H,-cai,+Hci. i;,u,-t-2c,H.ci=cai.-( 



2l;ii, cu,-cuo-ch.-ch-cc^j,+h^. 

PolymerizBtitiu depends upon the uniou of sei-eral tnmilar mofetL, 
of a. simpler coniitiluled organic eulisianix, without the eliminBtion 
aujuiic t^uups, tumuDKa cuuipliouied molecule. 'Ilie origina] subatai 
cuu be readily split from this new uiuletrule. Polymeritation take^ ol 
with unsaturate bydrocarbuns, uldehydes, and cyanogen cnnipountb 
conipouiid contains n C Bloni united nilh a pulyvalenl ol^nient or t*J 
by more than one valency, then at thia position a rupture may take t' 
forniing a simple union, whereby the molecules huving these free aflii) 
unite Willi one another (see under example 2). In this case a nuioi) ot 
molecules dues not entirely' lake pluce through the C aloiiis as we fint 
Gondeuisatiou ^ee under e^ianiple 1). 



H H H 
C— H C— c=f: 

3 \^_^ yield !J_^ J, 

Aoiitrle>». H M H 



CH, H H CH, 

ParaUlchyda. 



''\h 

Aldpiiyila. 



2. Physual MdhoiU. 

Sperific Gravity, This is different for isomeric compounds. Thp n 
tient of the specific gravity divided into the molecular weight, called 
njolecular volume (p. 36) of liquid organic compounds may give ns tuft 
mation as lo the constitution of the bodv if they are compared at c 

temperatures such aa, for instance, at tlieir boiling-points. Thus 

homologous seriea show lui increase of the molecular volume of apprm 
mat«ly 22 for every additional CH, (ethyl alcohol molecular volume=ft:i 
butyl alcohol molecular volume = S4.S, etc.) when they have the «ai 
atomic grouping, and in niatiy cases a deviation from this rule sbir 
another atomic grouping. 

Chlorine or bromine atoms substituted for H atoms in organic « 
pounds occupy a greater volume when they arc united to the same C Ht 
as compared with different ( ' atoms, etc. 

Melting- anri Boiling-poitds. Isomeric bodies have different nicltl 
and boiling-points. In general an organic liod>' is more readily fu^ 
and more volatile the simpler the nioleonle is I'c instituted, and the 
eomplicalwl the molecule is. the higher nrc Ihc niellinp- and bt 
points, and the molecules suffer decomposition readily by beat. 

The boiling-point determination is an impurtiiiii'uid in Uie inv 
ligation of the constitution of organic bodies. Homologous coinpouf 
(i.e., those which differ from each other by CH,) with the same a^ 
grouping show approximately the same larialioii in boiling-point. 




grouping dJScr tuarkedlj' in 



Etbyl alcoliol, 
Nonual propyl alcohol, 
Normal butyl alcohol, 
Acetic aoid, 
Propionic acid. 
Noniial butyrio alcohol, 

A-'iongat the iaomeric aliphatic compounds the iioruial conipounda 
.- iuive the highest boiLiig-iKiinl. The boiling-point becouies lower 
ri' branches the carbon chain has. 

; hi! disubslitution derivativea of beuiol the ortho compounds nearly 
■ , - have a lower boiling-point than the nieta and para conipoumls. 
i.iu iiielting-p(»nt8 also ahow certain relationships to llie coiislitu- 
wn of the oompoutiils. ' 

Aoiong the disubatitution producU of benzol the para compounds 
uiv always have a higher melting-point than tlie ortfio or uieta cum- 
unils. With the nomial acids of tlie formic and oxalic aciii series the 
irmluction of one CH, group causes a rise in the melting-point, while 
e nest CH, Rroup causes a lowering, so that the mejnbera of the series 
,tb uneven C atoms have a lower melting-point llian botii neighboring 
nnbers with even C atoms; thus, 



?(jmiic acid,CH,Op melUat -1^8.4''; 
■mpionic acid. C,H,0,. "'elta at -22=; 



Acptic acid. C.H.O,- at -(-17" 
Butyric acid, C,H,0,. at - 8° 

he more side clmlna 



With isomeric bodies the melting-point is higliei 
' present. 

kefnulion of Light. The molecular refniction of liquid organic 
noounds is equal to the sum of the atomic refraction (p. 38). 

The univalent elements in organic compounds have a constant atomic 
t-Action, while with the polyvalent elements the refraction is raised 
'ording li> the double or treble bonds (also for the atomsl. 

In the hmtiologous series the molecular refraction increases nt a con- 
nl rate, namely, 4.5 for each CH, group. 

Rotation ol (m Plane of Polariralion, Tliis also gives U3 information 

to the constitution of an organic componiid, ns nil optically activ* 
ranic compound must contain one or more asvmmetric carbon atoms 



TRAIfSFORUATIONS AKD DECOHPOSITIOKS. 
I. Action of Chemical Agrents. 

Oxygen at ordinary tf'nipcratiires acts upon only a few combinationo, 
lile at a red heat tliey all sulTcr combustion. 

Active or nascent oxygen (from manganese dioxide, or potassium 
■liroinate and sulphuric scid) unites either directly, or removes H in 
! fomi of water, or brings about both changes simultaneously. 



'" splits ^ =^,^1 — ! 



ide and 
rine or ^^^ 



heir elemsntn ^^s ^^ «• 
rbon dioxide, v. •'•'o, *; Jie,, 
sin.pl" com "ate, *" 'ht ''^ » n, ,, 



■523 



"•.l./a'gj«.d„ 



jndenaed b' 



that 



'*S<J« 






hicli are volatile ^- '«Jx-^ "^"'"'Os 
ecomposed with th**''^'^t' ■ * 



»'»■-* ;, "*f ft.r. 
the Ktseous stat„^;"; 'iepo„-,7"»'»>»V li " '"■ 

..,0. of b,™, a„^ ""■«"«), ^° »' o^:'.':'--. 

the fahrieatioii of jY. *.nt],w,„., "o* tubes *'''' 

.in. loWile hy,l„«;me<)™5w.),i,',^'. H,„, 






'^SiSsiS>>« 







not oxSat, ?r«L.*^"^*^*i v» 

iiWy AovrtAe «^' ^1 tV^^^^Viers (p. 314) the radicals with 
"¥» Or t,K«,*X ^f^ rplcased from Uipir com- 









-atn\. dimethyl. 

Btutfi, when they 
FTP IwlnnfT fji ln'it 



„»o.. thai t,^„' .. 'atal^ 

f Ca,-t'HC\, \>„^'?"=o> CH.-CH- (-...nol bf oWainrf 

^ukittscU. ^"-auae Vioth tree vaJeiices cannot Iw u 



. , ~*a^— UH, + ZKal. 

'.S'SS^^*" '^" ^^-JS? «"■•" in the tm .ft,, .ken I 
:>* """O". «. t.\m ":?^ the alBnitie. Kt tree iKlons to 
OB,C-Cl\,e\ j_ „^, "" ""n ™ue togetlier- 
«,kjlin.„h\Jnai:-'^»^-H,C_CU, + 2NnCl. 
Ethylene. 

>t be olitnined fr<i 

tlieit most - "^^^^^^ mono-, di-, etc., valent alcohol radi- 
radicals ar "^^^*"tt^nt compouiida, the alMh.>ls. The 

^ T\ ^t'lare for orpanjc bodira can be bastsi upon 

*^' m? '"'^^V'*^"*'' <^H., can be considered as a combination 
^ ■^^ttn liydrogen and hence called methyl bydride, 

oietbyl a\col»ol, eH,-On, as methyl hydroxide; dichloi- 
e, CH,-C\„ as «T\et>iylene chloride: trichlormethane, CH=C1„ 
(leoylcWondc, <-te. 

onstbemtwova\^nt radieal we diCferentiute between the primanr, 
W, ami toctiftrx- act^rdinE tnjthetHFr the unSSimatedTTalom w 

to one^tno^T throe otherTatoms; thus, 



CHrf H -CVI ,-CH - 



Seeonciiry butyl. Trrliiry butyU 



4 



tn sBlistyiHj: the free valener- of these mdirlea with "OH, "I, etc., we 
m the "nmarv, seoondarv. and lertinrv e^mfomidH (pp. 333, 334VS 
[V m.lie'.l -COOl^ ia pnlird rnrfmji/C -0(CH,) methoryl. -OlC,H,) 
JVI,-S(CH,'1 milj^neaixjl, -COH carbiju,!, etc. 

Uttere or ^pvires are added to the names of certain isomeric «h»- 
mda in nrder lo des^griate tlie position of certain atoms or radicals 
the molfPuW. Tbds we designate the terminal C atflm of acids 
well a." the side-chain of cyclic compounds by «• or 1, the one eom- 
led therewith W a or 2, etc, and the terminal C atom of the remain- 
! compoimds by a or 1, etc. 
r^rrpBuondinEly we differentiate Ix-tween 




CH.-CH{OH)CH (CH.) "COOH 

a-methyl-d-oiybutync scuj. 



CH,lOH)-C-H,-CH,- 



CH,-CH,- Ca, CHrC€l,- CH,CI CH,C1-CHC1-CH,CI. 



Optically active bodies (p. 39) are dtsign3t«d by i/- (c 
when they turn tlie ray to the right, by l- (Ikvo) when iJie 
it to the left, and by i- wlien they represent the intuitive iji( 
tioa. 

Amiaes, am in l>ases, 
wliose H atoms are entii 
p. 329). According as 
obtain primary amines 
bases, tertiary aminet^ 01 



tu be considered as an: 
■ly or in part replaced by alkyl radio 
lie, two, or three alkylfl are iutroduc 
or amid Imiskj, secondary amines oi 
nitril bft'ies (but not nitriles): 






/H 



v/^ 



H 



^■^ll 



Diamines an.' derived rrtim 2 molpculos Nil,, in wtiich eaeh NH; 
cuie has one H atom ruplaced by one valence oC one or more i 
alcohol radii'nls ( alky tenia) ; thus. 



The trianiit 
valence o( oiii 
three, tour, etc.. molecules of NH,; thus, ('H,-C = iNH,)pPthen>-ltii 

replocml by Uw ! 

replaced hy thi 
^ _ .m -"-'ir iiicMii iniiranime^ 

Imines, uiiin hiisea, ure obtained when two H atonts in one mnln 
are replaced by one alkylenc radical; C,H,-NIi, propvl«r 

Nitriles (not nitril tMUies, sec above) mav tw considered as atD 
in which all three H atoms are replaced hy an alkenyl radical 
(CH,-C) = N, or alw) as b combination of alkvl with the radical 1 
gen -C^N, e.g., CH,-C^ N, methyl cyanide. 
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i formed by the replacement of the replaceable hydrogen 
anic or organic acids (p. 335) by alcohol radicals according 
' a part ot the replaceable hydrogen of the acid ie replaced, 
n the formation of salts. Thus monobasic acids yield only 
'bile multibasic acids yield both esters and ester acids; 
KOH + 

tc,n,oii + 
Sthyl Kleolul. 
KOH + 
c;^,oH + 
ethyl uliulinl. 
K/> + 

,tC,BJ.O + 
Bthyl (rtlwr. 

neric Alcohob, Aldehydes, Ketones. The 

ided into prima ry, sajjiuiory, and Itu-iiary according to their 
e In the jwMitinn of the HO groups. 

1 atom by 



HCl 


= 


KG 


+ 


Bfl. 


HCl 


= 


C^,C1 

Eibyl cbloritli 


+ 


H,0. 


H^O, 


_ 


KHSO. 


+ 


H,0. 


H^, 


= 


C,H,-HSO. 

Elbyl ™lphur 


+ 


HA 


H^. 


= 


K^SO. 


+ 


H,0 


H^O, 


= 


etbyl auliihat 




H,0. 



) prima ry 
orTilue l( 



U behuv 

hftve seen (p. 302) that in the substitution of 
»lent tlement or radical in propane, CM , t 
Miamclv, CHj-CH^-CH,(OH) and CH,-CH(OH)CH,; also that 
lie two butanes. CiH,„, lour isomeric substitution products are 
t; in otlii^r words, that by the substitution of one OH group 
e of one El atom tlie existence of two or of four alcohols, respect- 
ire made piissililc. These tour alcohoU are known, and the struc- 
veo on page 302 corresponds in fact to their chemical behavior. 

vnary aUokoLi by oxidation are converted into aldehydes 
alcohol dehydrogenatus) by the removal of two intraradieal hy- 
n atoms (belonging to the alcohol radicals). On further action 
liieliydps take up one O atom very readily and are converted 
icida (p. 336). E^h primary alcohol ha.*? a corresponding alde- 
aod an acid with the same number of C atoms; thus, 
arthyl alcohol, CH.O+0-H,0+CHA Methyl aldehyde. 
ilelhyl aldehyde, CH,0+0 = CH,0,. Formic acid, 

ilia behavior can be explained if we admit that in the primary 
lis one hydroxyl replaces one hydrogen atom of a CH, group 
mm vre have Htill two oxidizable H atoms in the group; thus, 



CH, CH, 

mkCHt H,-COH 
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ORGANIC CHEMISTRY. 



Primary alcohols contain the group ^CH,(OHj. 

Alileh)Tle3 contain the group ~CH~0. 

Secondary cdcokoU are isomeric with the primary alcohol^ 
oxidation they at first also Iom: two iiydrogen atoms and fonn 
which are isomeric with the aldehydes. On further oxidaj 
ketones yield acids whicii contain a les.'* number of carboy 
thus, 

CH,-CH(OH)-CH,+0-CH,-CO CH,+ H,0. 

Senaiidiirv linipyl Kloohol. Propyl ketoiw. 

CH,- CO-CH,+ 40 -CH,-COOH + C0,+ H,0. 

Prnpyl ketnne. Antic acid. 

This behavior is U> be explained by the fact that in the aecoDi 
hols the hydroxy! replaeee one H atom of the ~CU, group, and I 
-CHlOH) thus iirodu<«d cannot be converted into the CX)(OL 
without the splitting off of a neighboring C atom. As the H?U(0 
can exist only in sueli saturaW compounds as contain at le 
C atoios, then the lowest secondary alcohol must contain three O 

Secondary alcohob contain the group ~CH(OH). 

Ketones contain the group "C0~, whicli is united to carbQ 
on both sides. 

Tertiary aleoJuAa are compounds, isomeric witli the prin 
secondary alcohols, which on oxidation are immediately Iran 
without the fonnation of intermediate products, into v&rioi 
or ketones and acids, containing less amount of carlion: 

(CH,),(C,Hj) C-OH+30 -CH,-COOH+CH,-CO-CH,+ 

TBrtinry amyl slcohnl. Acetic uid. Propyl ketone. 

Tliey roiitnin llie hvdroxyl in the pJace of the H atom of 

group, and as the CH = group can exist only in saturated c 

whicn contain at least four C atoms, the lowest tertiary alc<ri 

contain four C atoms: ^ 



>C< 



OH 



tCH,>,=C-OH, tertiary butyl aleohoL i 



Tlieae alcohols contain no more oxidii^able hydrogen atti 
the hvdroxylated carbon, hence they change immeditttrly i 
stages of oxidation 

The tertiary alcohnL'' contain the group ^C~OH, whicW 
bined to the C atoms by its three valences. 

Sometimes the isomeric alcohols are considered aa derin 
methvl alcohol or catbinol, CHj-OH, whose H atoms are i 
alkyls and are called : 



C,H,-CH "OH. propyl carbino!, primary hutvl alcohol: 
(CH,>,=COH. trimethyl carhinol. tertiary butyl alcohol; 
,n, .t^ir-T-, -.-r-tt-rxii . — .1...I ,.,|,y[ carbinol, seinindary butyl 't 



(CH,>,=COH. trimetli 
(C,H,}(CH,)H;H-0H. 
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Acids are fomi«! on the oxidution of primary alcoliols. wlien 
V ivio liydrugen floras mliiph arc imited with the hydroxyl group 
-»« the same C alom are rpplaced by an atom, or when an oxygen 
«U«m is added to the aldeiiydes {p. 333j. T!ie carboxyl group "COOH 
xs cbamcteriatic of the acids. All acids contain two hydrogen ntunis 
Ints and one oxygen atom more than tlie alcohols from which they 
•re derived. While in inorganic acids nearly all the H atflniB prexent 
■re replaceable with the formation of salts, with the organic acids 
only si> many replaceable H atoms are available in the fomiation 
of salts or caters (p. 332), as there are "COOH groups present. 

Tlic basicity of organic acids is dependent upon the number of 
rorboxyl groups contained, while the atomicity is dependent upon 
the numbfr of hydroxyl groups present: 



CH,H.»()H, 



CH, (OH K'U 

Qlycnlx- aci 
DiBtamic. bDt mi 



)H. 



CH.-(XK)K, 

PMitMuin Ketai 

CH,-COO^R 
CH,-fOO 



>Ch, 



CH,(OH)COO.^!i 
(Minuni Rlycolate. 



HOOC-COOH, 



^>Ca. 



xaUla. 



The hydrogen present in organic acids but not available tor the 
i<irnmtii>n of ault-i or esliTs (intraradical) may also be replaced by 
it..ms or gronpa of atoms whereby tlie ability of the acid to fonn 
-alia, etc., IB in no wise changed ; thus, > 

CH,(NH,)7COOH, CH,(OH)-COOH, 

Cn,{NO^-COONa, CH,(NH,)-COOK, CH/OHlCOOXH.. 



ImJ do-acids are derivini frum the adds by the replnccmt'iit of llii- 0~ 
•torn lA the HtHlH group by "NH. They arc onlv knowu in the form 
<rf their esirrs. the imido cthere; thus, CHj-i:;'(NH)0(CH,). 

Tbio-acids. Tlie oxygen of rheCOOH groupsof acirie can be replaced 
by sulphur and from these acids many compounds are derived: 



CH.-COSH, 

ThiUKMiF Bci J. 

rii.-oosK. 



rH,,-tfSH, 

DithiiAcnic acid. 




rONAi, 



^■^GZ.ATUKE. 337 

jlso acid ttmi^j^ *^*^e polybasic acids tliere 
arboxyl EroviT^a w„*^*" amine acida according 
\^) ^*^ I'resent; thus, 



<2>ll.^ 



CO(XH,) 
CO(NH,) 



.e hydroxy u of *»f' 

aup.NHj, 1,^ ti^ carboxyl groups are re- 
ate only in ti«^» aniinp acids the hydroxy Is 

, -vp^ ^.^ ^-eplaced by NH,. 
>ua,H,N-Nll(r-va 'iJ'^'lls replare the hydrogen tn 

.. ThedifforeS,""^"'-""'"""""''- 
c !.« A- vari„" , "°"'" ^roup. .-hi.h „. 1,.vb 
"i»a corapounda may exist siraiil- 
Tne inolecuVt?, ,-,--^1, • , j- I ■ ■ j 

, , 1 , , ' l"^o«ucing btriies ha^^ng mixed 
hyde «J^ohM« or aldoses with the groups CHO 
)H or (AiU.) , aldehyde acida with the groups CHO 
c alcohols or ketones with the groups CO and 
is with the KTouiJs CO and COOH, amido-alcohols 
3,aodCll,OH, etc., amido-ketonefl with the groups 
io-aldchydes with the groups NH, and CHO. 

J. International Nomenclature. 

■ffir the present only in the publication of cfiemieal 
■\d l&fB^ chemical works. It is based upon substi- 
jmpound is coHsidere<! as a derivative of a hydro- 
jg is obtained if we replace all the other atoms or 
nresecl in the rcMpective C compound by the corre- 
ber of hydrogen atoms. .Accordingly CH,-NOH is 
flxime.but mcthanoxime; CH,-CO-.\H, not acetnmide, 
le' CHr'^^^r*"^ ""' propionitrile, but propane-nitrile. 
-jToeubons with branchletw chains t<^rminate in anr: there- 
ilv one butane and one pentane, etc. Hydrocarbotw with 
ns are to be considered as derivatives of iionnal hydrocar- 
r nanie ia fortned from the longest normal chain which the 
,ns to which llie iinnie of tlie side chain is added; thus, 
ia not eallpd iBoliutnne. but metViyl propane; 

_^„ ii* not called heptane or trietiwl niethnne. but 
1-CH,-CH, rMther ctliyl pentane. 




CLASSIFICATION. 

ethers have -ihio, -dillao, aod -(...,_.. .. 
I-C^j, henwiiithioetliBne, C,H,-S-S-C,Hj, beni 
,-SO,'n^,H,'= Leuicnaulfonlmniene. 
"" "" dea nave the tertninatioD -al attached 1 .._ 
lydea •ihial; [or exampk', HCUtl, methiuiul, Ch 

Ketones have the liaal syllable -on, the diketoneE, b. 

?9, tin- t^nninstion -diun, trion, -thum; e g., t't^H 

. CH,-C:(>-CH,-a)--(_;H., pentttilion 2, A. } 

de^gnat^ bv adding -arid, -diucid, -triucid t 

with theeiidiiu; fV; ri?., CH-rouH, ethusij 



acid, C,H,{C00n),, 



mixed acids 



> the II! 



!ld of I- 



iH-riiv'i' iilrohol, kd 
,..n.-.r-ld,CHrCa 

united to the C all 



-^^ ^.l.- 



fcf'' 



loUe acid 
Thioacids 
_„ i»r aciiU: with doubly united k- ^_ 

ithAdthioIic acid. CI1,-CS(0H), ethanthianic acid, Cap, 
ilultbionic acid. 

Salts nud esters end in -aU; thus, (CHO,),Ca, ciddl 
jji0tcttd of calcium Torniate, (COO),K„ potassium ethai 
gf potSBsium oxalate. 

CLASSIFICATIOK. 

Alt aliphatic compounds are furmod by replacing al 
I H atoms of the limit hydrocarbons (aeo p. 3 
groups of atoms. Consequently the aliphaf 
■in be treated in the following pages, according to li 
M* groups they contain, aa compounds of mono-, 
viknt nlcohol radicals ()). 32S), or in short as mono^ 
THlmt compounds. la connection with the-se pompoH 
(lisfura those comjiouiids which have a close genetin 
Hliile the carbohydrates wtU be specially discussed in fld 
the subject easier. 



I 



COHPOUnDS OF MONOVALENT ALCOHOL RAIl 
t. Monovalent Alcohol Radicals. 

Getien.1 forniQla ('^11,^ , ,. 

They cannot i-xiat in the free t^tale (p. 32.S). If an i 
substituted in the saturated liyilrocarbons CnTIin,,, thei 
c»rb<ni residue CsH™^! behaves like a monovalent ra( 
are called alkyl«, specially methyl, ethyl, propyl, etc. (p 



CLASS/ PlCATtON. 






iiiaW members liave an odor similar to purspiratioa ai»] 
iblt in water. J-Voni C„ri„0, upward the acida ar» 
liuble in water, generally without taste or odor and c 
diiftilled without decomposition in a vacuum. 
All the members of tliis scries are readily Boliible in alcohol and J 
Bt and are, with the exception of fomiie arid, acteil iijwn only 
b difficulty by oxidizing agents. Carbon dioxide ex|)els ll 
D their compounds. 
Besides the replacement of the hydrogen of the COOil group 
by metals (salt formation), by alcohol radicals (ester fonuation] and 
acid rodicab (anhydride formation), we can also replace the hydroxyl 
of the COOH group by atonjs or groups of atoms, also the iton-repIa«e- 
sble (intraradical) hydrogen 

In this last ea.se bodies having all the properties of the acids are 
obtained, as the COOH is still intact (p. 335). These acida are { 
dtsignated », ?, t, see p. 330. 

Every fatty acid can be redui'cd to its itldehyde if a salt of thfl ^ 
Kid b heated with a formic acid salt (a formate) : 

CH,-COONa+H-cqON»-CH,-CIIO+Na,CO,. 

On the distillation of a salt of the fatty aciils with caustic alkalies 
ihr rarbo\yl group is split and replaced by hydrogen, yielding hydro- 
rarlwnB which contain one G a.U>m less than the acid used ; e.g., 



On the dr>- distilktion of the calcium salts of the fatty acida i 
tEtones are obtained: 

(CH,COO),Ca -CH,-CO-CH,+CaC0,. 

V 3 galvanic current is passed through a concentrated solution I 
of la alkali salt of llie fatty acids, the alkali metal is set free ut tha 
neptive pule, with a decomposition of the wat^r and the liberation | 
of hydrogen, while at the positive pole carbon dioxide and a aatu- 
iMed bydroeurbon are set free: 

2CH,-C00\a - 0,H.+ 2C0,+ 2Na. 

From this behavior, as well n." from the means of formation, it is 
rvlclcnt that the fatty acids contain alkyl as well as a carbon^ ' 




' "SI,,* ■« 
T'"''ad '"i, •■ 



^«y soluble in ,v.i,,«K Oo,"' ^ , =*^ J"". V'^''^'^ 

plants. Triap„.- ^'t^ Uh, '"X i ^' ^« n "fpf '^/n.i 



Chloral 
CCl,— OHO. 











1?^ 






'*v- 



«•«. 






mrl ""ov^^^iti, *•«•> • "» ,11. ,""»«, 



JU 






Nii 



«so/v/ 



■">? 



.0™ 









''■t.«H.o 



y db 






P'-'wiii 



'°S fead 



"''.^o'vJ^lW.^P,,^,,^ ^-.«™». 



'*■•;*« 



"'AiH 



r*e.<,!;::^^:::;-f:s-t:^^,„. 



'^".S'Pb-, 



'-^-°-^~S;;s--x-r, 



"•Site 



^ oxide in 



*'°"»:s^ •"'"., 



cloudy in the 



the P«C'Pitatif,i 






Jn 






••■t^^'U ■"'■'»- '** 



'"'8'''^»'^»><i,".'^X 



'^^f. 



u, 

I 

1 

ca, 



'^2J, 



«« 






' "».=»£"?« 



"» or -« '^vrt ^o^ 

"'Whol '^a •»f.- -^tl 



'<^ 






"<^r 



-J " ftl. 



Midea a 



L^ho, 






tjKi;;;2.i«5?te"tts 






L 






;^<"<->: 



u 






"'!*, 















. -* an,/ ,, -' 



1i,„, 






U;i. 



feet 









'«oo 



*to, 



''^'i^' 






O... '-^^'2??^ 



■'"'wi*,!''- 



q,.^-in;*«.o 









' «'We, 



;°'."'*'«o 



'Spared 
''<liJd 



f h: 



° »«;„, 



'*5SSS?" *" 






"'*A 



■»« i 




>x element A " *>»o ^«=a.ls **^t>JCAl. «, 

, » a tet,.v„, «; A J? ^vi^^OiiY/" Po-P, n4" 

, ,W compound, ■ N ,^'^t V^ *-t> a^ T°^» «»'. 
^cHhorone „» ^i^K ^- o,"i »>.;"„';; ""-"P.i.n 

> I tlie alx>VK_^ ^"'v^' »tat, ' "'P^'n com 
e«, rf* j«e, o!''^i;^'>-^I^ *^_^^_ j"" '" *» .f hw„g„„' 

fu *UiOeV »■— t u„i„„ „/>;^««f^0,. 

^. W » »»»..«=". -Wate/di ','■ '""■Pi'-wl n.n,e L,« 




F CVANO^ 









,L.tC.N, + 2HCV > ?r"^^J^ ""^'"-e 

i<U lh= hydrogen '^^'^'^'^S'T'^^-'tX'* 
by othot motala "^ot. "^»«..o -iKci 
u(»l colore. Barivul TU^ ^"^Ij- *"'"■ ' 

loIRontgetiraya. ^'tt-tj "^^-ItB, '■opiaoeab,, , 

«:y.nlcAd(l, H.p„,. "^^a,? ''l^'^oL"^ 

olccvlle. w» have .^'^.M^ '^''o, iaPto « °°«»" 

»m.) IE an morgj^^^- *lj^cl~ *^ si^ ^^ 

solution o! potaasi^'*? 1CKi'"?e«-t, ^t,,"'^"«<d ty^ 
.W«cry.«a.,»e ^Z^'^^^^^^'^-'^Z.^S^ vT 
a ot this acri, «ie ter^®'"- '^"'>i*, H.p^S'' ™nceo. 

■ cupric salts are (jt J Oyi,.^. '^ ••'^" sepa- 



ls ot this 

•- cupric Stt-L.- . itriv^^-' "^nid^^ 

i cupric compound, a.pr°'"'*nce "" '^'ni„m . , 

« Obtained »' '"'oev»''°«t«l X''^-"- /W. 



ot itr,^ ^o-nirt^ •"■ Sep.. 

■ YeU„„, 'i°too„',r « » .« W,C;j'^« 



« obtained •>' '"■^evan'?"«l «k ;!f'-''- /W 

pot^asiuut or-<i». p."ji':^^". •'=4,':^-™ S° 

"°°->rIem7'''">'Wld„.,__ .. " - 



'> "' letM'" """Wide ai„ j. " " 
'-o.peta^.»-..ni,e^^l-2«^^„,^ 






™.^„^^Keo -Olio- acid-^w*;™"./! .«,£.■"«« 

-Aecordjng to thi3 reaction . *^="0|/.^J ■*'^'"de.- "'^Vk^J 



■tAecordjng to ttiia reaction ^. ^^^-^Cn^-^!^^' 

I 3. Compound, '' '"''"'"*''''«,„, • 

■ Toe liFdrosen of ),, , ^J'aiin^ "^ -Vsp ^ 



k* 



"* Of r. "WlKtH tl 



. tnuriie (whicd see '?''"' cvan^ ""d *An^ 



' Of 



DIHYDHW ALCOHOLS. 



4. Dihydric Alcohols. 

General lomiula, (.■s^■,^^OH),. 

flO groups are attached to the alkylenes after the rupture 

pie laonds of the C atom, we obtuin a series of Uihydric 

Bhic-K are called giyroln on aceouiit of tlieir sweet taste: 

Jglycol, HO-H,C-CH,-OH or C,H.O„ propylene glycol, 

CHj^CHj^OH, ete. As we have two replaceable liydro- 

i (hydroxyl groups) in tlicwe bodies, it is possible to form two 

fthers of the same alcoliol radical, two glycolates of the alkali 

hp. 343), also two est«rs of the same acid, etc.: 



I 



C.H.<g<f^."' 




Glycol m„n«*tuie. 

r-H/OH 

aiyooUhl^rhydrio. 


(llycnl liindplBlis 
Etbylene cliJoride. 


Gir«>ic'iiyi''ti>»r- 


Clyciil rlicibyl ^Ihat. 


f, u /ONa 


DiKixlJum (lyeolate. 



The ftnhydridea of the glycols or alkylene oxides eorreapond to the 
t-dridps (ethers) of the moiihydric alcohols. .4s the glycol mole- 
contaiiis two hydroxy! groiip«, therefore water can he split off 
1 one molecule in the same way tis from the dihydroxyl com- 
kIs of the metals'. 



Ca(OH),-CaO+H,0; 



c,H/on),-c,n.o+H,o 

Ethyl.-ne glycol. Elhylmen.iJe. 



IT 

iPlf glycob known are those with two C atoms o 

teaarence. They are not found in nutiirc. 

^reparation. I. From llie etiiylene bromides, by heaUng them 

, silver acetate or [Kitas.'iium acetate: 



rmore (p. 331). 



C.H^r,+ 2Ag(C,H.O,)-C,H<'^^|g|+2AgBr. 






iff 



6» 






, ,11 CO ^ -N- 1, «>ta.^ >, c-apb,,,,,-, „y ^^^^ ^^ 












C»"--i„l.o'««','"-ino '^'H, . "^^ife' ..'^^''■»"' 
E^ occurs >'* , ^"^*=ia.l ar^ ""^"e o/ ni„n . ""Wa 

by heating aminoniu^v, ■Ml,'^ -^",0; 

■^•■bamate- 






I,bolh«»athi, "; ^.VH.+ ".0. 
™*^.+ 2NH..m ■ 



-""-^•HA+mq 



^»it.^^ ^h^*^ 



iJ-Q^is" ^*^" 



>M^'-^ 
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CARBONIC ACID DERIVATIVES. 415 

fluid of cowB. in tlie hDree-choatnutand maple, and forms ahiniiig ciyatalB 
-^litcb decompose into urea anil albmturic acid <p. 413) by the action of 






NH-CH-NH . 

>C0- 



-NU/ 



AUoxonthiDe, CiH,N,0„ the diureide of tatronjrlie and mesoxalylii^ 
^KCid*. 11 is produced from alloxan by reduction with SiiCl^ Its tetrii- 
aii«thyl dorivalive is called aiiiallc acid, aad is produced trotii cafTpine 
<p. Ii») by the action of chlorine water: 



^* -NH-CO 



>■ 



Purpuric Mia, imido Rlloxauthinc, C,H,N.0,(NH1, does not occur 
bee; its ainmoniuni salt ia called murexid and is used in the deleclioii 
of uric acid (Bee 419). 

rf. Purin Derivaliers, 

HypoNonthicie. C,H,N.O, xanthine, C,H.N.O„ and the diureide uric 

acid, C,[r,N,0 ,, contain the tetravaknt acid radical trio£yaeryl,-OC-C-C-, 
of the hypothelical trioxvacrylic acid. HOOOC(OH),-C(OH),; Iheao 
Iriid.es and their methyl and umido derivatives may lie derived better from 
n-iriT .L .. ^_.. 11 .L'__ ""ine, and their de- 

r nuclein bases, as 



2 ,N=CH-C-Nfi, g 
Purin, C,H,N, or HCC || >CH. 

^N C— N«*^ 

3 4 S 

f 'Hiia !■ a diasindiazole ^see Hel«roryelic Compounds). The figures 
[ |nven «bove in the fonnula Berve to designate tlie conBtitution of the 
I aerivati>'eii. Piirin is obtained from iirii' acid by transforming; it into 
I Irichlorpurin (p. 419) and replacing the chlorine of this liy nascent 
I ltf<l'''g«'- '* forms colorless crystals which are readily Boluhle and 
I mielt at 216°. Forminf; salt^ nith iicida and bases. Chlorinated purins 
I serve in the svtitheses of its deriviitiics. 

1 Adfoloe, t,H Js'.i'NH,), ti-aitiiiio purin, occurs in the nucleins, in the 
■pleeJi, ponereiu, tc^, etc. It fonns coloHesB nccdlfs with 3 mol. U,0; 



,N-C(NH,)-C-N"H, 



■-It- 



V:h. 



Hypo xanthine, Barcine, C,HjN.O, 6-oxypurin (see p. 417): 
,NH-CO-C-NH. 
















■Wir^Sir. 
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OnOANIC CHEMISTRY. 

n Ihe subapqueiit addition of t 

9. Oxalic Add Series. 
General formula ChH,i 



OmUc Mid C^A 

Ualooic add C,I1,0. 

Succinic acid C,H,(J. 
Pytotartaric acid t'lH.O, 
Adipicadd C,H,„(J. 

Pimelic acid t;,H,,0, 



,0^. 

Suberic acid C.H^O, 
Aielaic acid C',H„0, 
Sebacic acid C,„U„0, 
Brass7licacidC„H„0, 
RocceUc acid C„H-0, 



Properties. The dihydric, bibauc acids of the glycols arc q 
the acids of the oxalic acid series. They are i^rystaUiiie soltdt, 
volatile without decom position, and generally soluble iu w&t«r. 

they contttin two hydroxyl groups they are diatomic, and as 
contain two carboxyl groujjs they arc bibasic and form ueutral 
acid salts as well as exters : 



(C^,)OOC-COO(C^), 

SBCOndary or neulntl evUf, 



HOOC-COO(C,H,) 

Primafy ur uud csier. 

The amide dejivatives are similar in properties and metho 
formation to the atoides of the monobaMic acids. On account of 
presence of the two carboxy! groups we have besides the real tut 
(the diaraides) also acid amides or amine acids: 

(H,N)OC-CO(NH,) (H,N)0C-COOH 



On replacing two H atoms in a molecule of ammonia by a divi 
add radical we obtain imides, C,H,<,,q>NH, succinic acid imid 

These derivatives may also lie prepared from tlie acid and net 
ammnnium saUa by removing water: 

Acid ammonium salts minus H,0 ^amic acidi: 



HOOC-i:00-(NH.)-HO(e-CO-NH,+H,0. 



salts minus 2H,0 -^imides: 
«™..C,H.<™>NH+2H,0. 





OXALIC ACID Sl^ltlES. 

Neutnl ammontuiR salts Riitins 2H,0'^amiileg: 

H.X-0(«:-C00-.\H,=NHrtJ€-C0-.\"H,+2H,0. 



Neutral ammuniiim sitlta mitius 4ii,0^nUTtltK: 

H,N-O0C-C0O-NH,=NC-CN' +4H,0 (p. 423), 

Anhydridea may be formed similarly to the oxyfatty acids even 
til one molecule (see Succinic Acid), when the carboxyb occur 
jlwi Ui different carbon atoms. If the carboxyls arc united to one 
ilom, then on heating fatty acids are obtained and at the same time 
l/is spill off: HOOC-CH,-COOH-CH,-COOH4-C0,. 

With the exception of oxahc acid all the acids ol this seriea may 

ninsidercd us alkylciie dicarlioiiic ucids, which coincides with the 
'i)tod4 of formation and \vitli their decomposition. 

If llie [wtassiiun salte are decomposed by the electric current 
I oblaio alkylencs, carlmn dioxide, and potassium: 

■2K. 



The poBBiUlc isomers of the dibasic acids corresponi] to the ieoniers 
the alkylenes. The two carboxyl groups may be united to two different 
IRIS or to one carbon atom. No Jaomers are possible of the first two 
aB-o3t8lic acid, H()OC-Cf JOH, and mnlonic acid, HCKXJ-CH.-COOH— 
life two are possible of ttie third acid: 



^BW( 



HOO0-Cif,-C'H,-a)OH and CH,-Ch/^^. 

Etbylsne luccinio sri.l. Ethylidene xuoulnio ■aiil. 



e are four isomers possiljle of the fourth member, CjH,{CO0H),, 
e. ine isomers, which have both carlioxyl groups uiiited to one C atom, 
ny br said to be derived frutii nialonic acid (p. 423) and thitir structure 
colled the malonic acid structure. 

We call the divsJenl acid reHidues united with the two hydroxyls tlie 
id radicals (p. 336) : 



^CO- 



^cn 



CO . 



^oxalyl, CH,<^.;;_ malonyl, C,H.<J^J^ 



Preparation. 1. If the halogen ulkylcnes are heated with potassium 
rinidi; we obtain alkyl'"iip ryanides, which yield the corresponding add 
I boiling wi(b acids or caustic alkalies (p. '.iiC, i) ; 
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CN-CH,-CHrCN+4H,0 -HOOC-CH.-CH.-COnH+aNH,; 

EthylEUe Fyan.de. EthylfDS lUccinXD iifi<l. 

CN-CH{C.\)-CH,+4H,0-HOOC-CHtCOOU)-CH,+2NHr 

ElbyliilBac cyuiide, EthylidFoesurcinK^ ni-ui 

2. The rtionohalogen fatty acids are traiisfornipil into tliF eynxih 
acids Aad the cyanogea gniup is cuoverted iiitu the carboxjl groQp 
boiling with arida or caueCIc ulkulii^: 

houc-cil-ch,-^;n -(-2H,o = hooc-<:;h,-ch,-(xh:)h + nh,; 
hooc-ch(cn)-ch,+ 211,0 -hooc7ch(cooh)-ch,+nh» 

3. Ity the oxidation of the a<:ids of the fatty acid and o]ae acid mi 
aa well as of neutral fats by means of HNOr 

4. \iv tlie oxidation of the normal (.lyrols and oxyfattv acids (int 
tinned 6a pp. 400, 402). 

5. The Komologuea of oxulic acid are produced from niakniic MJt 
ethyl-OKter in a siciiilar maimer to acetic acltl from aceto-ocetic Wtt, 

Oxalic Acid. C,H,0, or IIOOC-fOOH. Oerurm-<-r. It n 
ii'ombiiicd a» ucid potassium «iait in many plants, such as 111 the vi 
ties of Runcx and Oxalia, from whose juice oxalic acid ui^eii to be 
obtuiiid by evapuration. It also occurs in miuiy plaota as caMm 
oxalate, partly in solution and partly as crystals. Oxalic add 
occurs as calcium salt in the animal kingdom, especially ii 
and pathological urine, as urinary sediment, in the caterpillar 
ment, aa vesicle calculi (mulberry caJculuw), and as putassium o 
in many organs. 

Formaiion. 1. By passing CO, over frised sodium wc abtia 
sodium oxalate: 2C0,+ 2Na = CjNsjO,. 

2. From fats, carbohydrates (sugar, starch, gums, cellulnar'), . 
many other or^nic bodies by oxidation with uitric acitl. On IiMn{ 
these bfwiies with caustic alkalies we obtain alkali oxnlatoi. 

Preparalion. 1. By fusing sandust (cellulose, C,H,A' «l* 
alkali hydroxide at 250° to 300° (p. 323): 

C,H,A+ H,0+6NaOH -3C,N8,0.+ ISH. 

2. By heiilinK alkali forniatea: 2H"COONa - XmO<X^(XX)Ni 
+ 2H. 

The alkah oxalate thus obtained is dissoived in waler hinl tltt 
solution mixed with calcium hydroxide (milk of lime) and the in 
calcium oxalate which separates out treated with sulphuric 
when insoluble calcium sulphate precipitates and a solution of Qulit 
acid is obtained. 
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emcliK. In tlii^i fiim|)omiil the H atom of one 
by llif monovalent K^np antimonyl, SbO (p. ISO). 
by Ixtiling piitassium aciil tartrate, anttiiiuny o: 
filt^nng and evaporating the solution until white, e 
obtained which are soluble in 17 parts water j 
vomiting: 

2 |^>C.H.O,+Hb,0, = 2 ^f^Q >'-',H.0.+ H 

Calcium lartTale, C.H.CaO. + 1H,0, prei-ipitste* from i 
eolutiunij by the addition of rali^iuni chloride na a white ei^ 
which is soluble in dilute acids. Cold anlutions of alkaltM^ 
but <>n 1>uiliuc tho solution it precipitates agsiu (ee 
;,nd cir-ric acids>. , 

Aluminium ■cato-lartrate, Al,(C,H,0,),(C,H,0,HOHa 
colorless eummy nmsHes w.iieh are sofublB in water. ^ 

Borai-tartar, KMnC,H,0, + 2K(lJo^C,H,0„ is » 
ing bora\ uniJ cream a! turlar in wat«r Aiid evaporating ti 

Citric ncid, an.O.or CH,(CO0H)-C(OH)(C0OH; 
oxypro|mntricarboiiic acid, on account of its ocourreiu 
on healing, etc., will be treated of here. 

Ocruirence. Free iit the lemon, currant, cranbeiTy,fl 
fniit*, in the beet-root, and to a Blight extent in millc \ 

/'reparation, i. From lemon-juice by neutralinni^ 
beating to boihng, when calcium citrat« (p. 431) ^ 
Tlii^ is doi'omposed by dilute sulphuric acid, the c&ra 



CITRIC ACID. 



CH,(CN)-C(OH)(COOH)-CH,(CN)+-IH,0= 
CH,(COOH) - C(OH)(COOH) - CH,(COOH) + 2NH,. 

Properties. Large colorkss rhombic prisms - with 1 mol. H,0, 
which melt ut 1 00° and lose their wat^r of cryatnUizatioti at 150°. On 
further heating it forms acoiiitic acid, C,H,0„ then itaconic acid and 
mesaconic acid, C,n,0, (see below). Citric acid is readily soluble in 
waler and alcohol. It is tetruvalent and tribasii^ and hence forms 
three series of 8alt« (citraUt) and eslera. On oxidation it yields oxalic 
acid, aeetic acid, and acetone. 



tal«e completely on boiLng (deWclion of citric acid). 

MagncBJum citrate, Mg,(C,H,K,),-M4H,0, mixed with citric acid, 
stxliuni bicarbanalc and sugar, forms the ordinaiy effervescent miigneHia 
or magnesii citras effcrvescens. 

Silver citrate, itrol, Ag,C,HiO,, is a colorlcm powder. 

Ferric citrate, Fe(Cin,0,) + :lH,0, is obtained by dissolving ferric 
hydroxide in citric acid and evapotutiiig, when an nmcrphouH brnwn mass 
soluble in water is obtained. Iron-iimmouiuni citrate, 2Fe(C,H,r>,) + 
(NH.)>ftH,Oi + 2H,0, fonns amorphous brownfah-ral niassen soluble in 



by the action of nancent hydrogen or by heating citric acid with HI. 

Aconitic acid, equisetic aciii. C.H.O, or CjH.^'OOH),. This tribasio 
acid occurs in Aconitum napellus, Eauiaettini tjuviatile, in suKar-canc, 
and in the sugar-beet, and is produced oy heating citric acid to IrS"; 

C,H.(OH)(COOH),=C,H,(COOH), + H,0. 

Itaconic acid, methylene sucemic acu.1, CsH.fl, or CH,-CiH,(COOH)„ 
anii ita isomer. 

Citraconic acid, metbyknalcic acid. C(U,0„ are obtained by heating 
citric or aconitic acid iihove 175°. 

Mesacoaic acid, methylfuraaric acid, HOOC-(CH,)C-CH-COOH 
''•r ''iH,0„ a stereoisomer of citraconic acid is prepared by heating 
ii:ioonic or citmcoiiie acids with water to 200°. 

COMPODNDS OF TRIVALEBT ALCOHOL RADICALS. 

Fl. Trivaletit Alcohol Radicals. 
General formula L'sH^jm- i. 
These, like all radicals with uneven valence, do not exist free; 
Thpy are called methenyl, cthenyl, propenyl, et<'., or glyceryl, butenyl. 



> 
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rrotonyl, etc. The trivHlcnt ciimpiiiiiids ar<- (Icri.cHl from the is»i\t- 
nited hydrocarbdiis iti a manner similar to thai uf llie niuiiu- and di- 
culent compounds in that three atomi are replace*) by other atomi 
(ir by atomic grouiis. The relatiooGhlp of these eompoLinds to eacli 
other is siinply as foUuws: 

Propyl alcohol, C,H,0. Propionic acid, C.H.O^ 

Propylene almliul, C,H,0,. Lactic acid, C,H,0, 

Propenj! alcohol, C^H.O,. Glyceric acid, C,H,0,. 



3. Trihydric AlcohoU. 

GviieraJ formula CnHis-i(OH), 

The properties which the glyeoU show is also found in the iri- 
liydric and polyhydric alcohols, and these become more and tnot* 
linniounced as the number of hydroxyl groups increases. Thus [torn 
Ulycerine on oxidation we obtain a trihydric, monobasic acid.aswellaj 
:i trihydric, dibaflic acid; also akieliyde alcohols, ketone alcohoW, etc 
l|i. 337). We do not know of any trihydric alcohols contniniiig l» 
iliai. ihreeC atoms (p. 331). 

Qly erine ( 11 (OH), or CH,(OH)-CH(0HrCH,(0H), Propenjl 

\| 1 j (_1 1 currencc. It is the only Iriliydric aleoboHouBi 

t and oc n a-s glycerine aceWto (triacelin), C,Hj(C,H,Oj^ 

th al 1 f th spindle-tree, and forma esters with the high* 
f tty a d a d 1 acid, which constitute the animal and vegetal^* 
r It produced to a alight extent in alcoholic fermentation aii 

I X t n bee and wine. • 

P p ai 1 \s a by-product in the manufacture of ta 

i I la. t rs h the fnts (fatty acid esters of glycerine) are d«n 

I sed b Ik i es lead hydroxide in a manner similar lo ol 

t fp S-i? ) It 3 formed, for example, when fats are boiled n! 

I ad hyd d producing an insoluble lead salt of the fatty ft 

and glycerine: 

2C,H,(C„H„0^,-|-3Pb(OHl,-2C,H>(OH),+ 3Pb(a H 01 

2. As a by-product in the mnmifitcture of stearin candles fp. 
where fats are treated wilh suinThcalcd steam or warmed witfc 



Crairated sulphuric acid to 120° C, when llie fat takes up water h 
epUts into glyf^erinc and tlie fatty acids wliich separate out ; 
■C,H,(( 

The twlution tif glycerine thus obtniiied ac.-cordiiig lo invtlioda I or 2 
(»il*r neutral! Eftlion or removal nf diiasolved lead oxide by H^) is care- 
fully concentrated by evaporation, the salts '^hicli separate removed 
by fillmlion, uiid the crude glycerine thus obtained purified by distillation 
mth superheated steaiu. 

SynwcItCTUi/. Propenyl bromide with silver acetate yields glycerine 
nceUcacid ester, which is saponified by bases: 

C.H.Br +3AKC,H,0, = C,H,(CJI,0-). + 3AKBr; 
C.Hs(C,HjO^,+3Kl3H=Cj,H,(OH),+3KC3,Or 
Or pfopeoyl chloride is heated wjtli water Ui 170°: 

CHjCl, +3H0H =C,H,(OH)j + 3HC1. 
Propertiea. Thick, colorless, swept (iience the name) liquid 
having s specific gravity of 1,27, and when free from water it solidifies 
to a white crystalline mass at 0° C, It distils without deconi position 
Bt '290° C, and is soluble in water und alcohol but insoluble in ether 
and fatty oils. It dissolves the alkalies and alkaline earths and 
many metallic oxides, forming compounds similar t<) the akoholates. 
With dehydrating agents it gives acrolein, C,H,0 (p. 439), and when 
carefully oxidised it gives, according to the conditions, aldehydes and 
acids (ir mixed compounds. As glycerine contains three hydroxyl 
groups, it forms three series of esters " (the glycrrideti) and mixed 
etliers. 

3. Derivatives of Trivalent Alcohols. 

Glyceric aldehyde, C^.O, or CHO-CH(OH)-CH,OH, w an aldehyde 
ak-uliol and forms colorless sweet crystals, 

Dioiyacetone, CH,OH-CO-Cfi,OH. the i«..nipric ketone alcohol, 
f(vrin< sweet crystals. 

Both mm pounds are obtained ns a mixture (called glyeerwe) by 
rlii- cir«'fiil oxidation of glycerine, Tliey readily unil«, formiiij inactive 
iii'inilose, CaH„0|,. slwi called a-acrose. Giyceric aldehyde and dioxy- 
1. <-[one are true sueara (cariw hydrates) according lo their constirution 
|: 403), and can only be obtaiiie<l pure in an indirect manner. 

Glyceric acid, dioitypmpionicncid,C,JI,0,orCH,OH-CHOH-COOH. 
!;- pmducvd on the oxidation of elycerine by dilute nitric acid. It forms 
:>ii inactive sirup wliich is readily soluble in water and alcohol. It is 
lonierted Uito the lievurotatory inodificalion by Penicilliuni glaueum. and 
iin being heated it splits into waler and pymmcemic acid: 

C.H.I),- H,0+C^,0, 



FA TS. 435 

. .. x-likp iit'utnil solid, rmulily Buluble in alciiiiol and ellier, 
Jily deconiposatile, and tcinibinm wltli iirids uiid alkalies. 
LOn iKuling with ucidji or barj-u-waler tliey decoiiiposG into choline. 
^f^,).\(C'H^,(OH). Klvrero-piiuBphoric acid, palmitic and au^aric 
I, or oleic acid, C,^^i),. and therefore the following fiirraub tan 
""■"i> aa iheir stmetUTic: 

(C.vH,»-,0A-t',H,-HPO.-C,H,-NfCH^,0H. 

Glyceryl palmltate, palmitin, 0,Hs(CieH„0,)„ crystaUize:^ in 
^ning leaves wliicli melt nl ti3° C 

Qlyceryl stearate. stearin, C,Hi(C\,H„0,)„ also crystallizes in 
^niiig leaves ivml melts at 67° C 

Olyceryl oleate, nldn, C',Hi(C'i,H„l.l.l„ forms an oily liquid (p. 
-t4l>) whicti solidifies al — CC. 

'These three esters may be oblaineil liy heating glycerine with 
tiie respective acids nnd mixed together form the chief eoiistituonl 
,if all animal and vegetjible fats, which are divided into three 
,-las9PS, namely, tallnwB (solid), liutter and lard (semi-solid), and 
i)ils (liquids). Oils contain chielly olcin, while the tallows contain 
>.t colic cliiefly. 

Tht Fait in General. The fals are obtained by pressure or by extraction 
with ellier, carbon disulphide. etc. Butter ia prepared bv violently lieat- 
irig milk, when the fat globuleii cnngluirifrate. Artificial butter or mar- 
KBiine is obtained by trying out animal fat aiid allowing it to cool, and 
tlicn GXpomug it to pressure, which frees the fui of aleariu and yields an oil 
loltomargarine-oil). This nil. which in a mixture of olein and palmitin is 
Mrnnglv sliaken with warm milk in a method idniitur to the mimufac- 
luw of butter, wlien the artificial butler separuiea. This is colored 
vrflowand treated with butyric acid estere. 

TIl« Fats when pure are colorlcts, ndorlcHi. and tasteloM neutral bodies 
> innluhle in water, not readily soluble in alcohol, but readily soluble in 
J liW and cuTlion disulpliide. They are lighter tlian water anil produce 
\jk tnotpaivnt slaiu when applied U> paper which does not disappear on 
■ — nine Idiftering from the ethereal oils). Tliey can Im heated to 300° C. 
out suffering any change, but at hifiher temperatures they decompose, 
" u various products liaving an unpfeawint odor, chief amongst which 
_. jfen. 
Uuy fate when exposed t« the air are graduallv converted into a hard 

— ss. These are called dryitif; oils; for instance, hemp-seed 

-uii, linseed-oil. poppy-oil. nut-oil, which consist chieflv of the 

of lirioieir aciil. ('lill^O^ (p. 14,5), as well as castor-oil. Theee 

.JtimUtd g!yceridp.« bcconip noM on alisorhiiLg oxveen. 
Tht other fate do not change when jmrp. but as they generally consist 
-_ nuxtUTM, enpeciallv wiili pniti-idH. Ihcv jTradually suffer decompotdtiop 
beeoming disagreeable in taste and smell ■■■■'' l.-i--"" -.. •"■'•■l r^~-i.-^^ i - 
they bevoiuc rancid. Thiis depend.^ u[ki 




t'ucao-ljulter, obtairjed from the seeds of the Theobro__ 

"'pK8.^iire, miisista uf oluin, puUuillii, sbianii, and thuobromiF« 

fp. 377). 

Nutmeg-butter, obtained fnjra Ihe nutmeg by pre 
tnyridtioin, oleiii, and ettiereal oils. 

Cocoanul-oi!. the fat of the seed-kernel uf the Cocon i 
of laurin, inyriatiii, and palmitiu. 

Liquid Fats. Ulive-oll id obtained from tlic olives by p 
oil treated with 6 per cent, oleic- arid is used in medicine u 

Almond-oil is ubtained by pressiag the sweet or bitter it 
Poppy-oil is prodiiopd by preBsing the popp)--Heed. 
I.inaeed-oil, trom I he flaxseed. 
I.auret-oil, obtained from the frvsli ripe laurel by prei 

If^pe-seed oil. from the seeds of the rape. 

Castor-oil, from the seeds of the Ritiuus 
glycerids of ri(»ualeic acid. 

Croton-oil, from the seeds of the CroUin I , 

priiBonous gtyceride ot the Lt lie-known croloDoLc arid, but 
tonii' acid (p. 440). 

Ciid-liver oil. trom the fresh livers of the rodfiflh by gently fl 

Si'H;ime oil, from the seeds of the Sesamum orieutale, is "'' 
fii'iat hutter in Germany in order to be able to dewct the ss 
Its bromine and iodine addition products are used iu medicintt^ 
and iodi[Hn. 

SoapH. Od heating glycerides with alkuli hydroxidfll 
BtroHR bases thsy are dccomiMised in a maimer i 
esters of the mono- and dihydric alcohols, i.e., they dec 
salts of the acids contained in the glycerides and 
(p. 432). The decomposition of the estere, i.e., the fataj 
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L Ac90ap« BK Iji ptirl JiTomposed into rre« olkali and acidaaJtaof the fatty 
I .^= Tkp nrtioii of aiiaps in waaliiiiji depends upon this property, as 
set fre^ and the acid aalt ot the fatly acids which form tlie 
^h readily remove the f^it in the form of aii emulsion, and liie [ruth 
HivfkipM the din and removes it. 

The otiier salts of the above-mentioned fatty acids are mosllv soluble 
' tknlml but insoluble in water, hence wat«r nch in calcium salts furins 
pRcipJlale with soap solutions forming insoluble calcium salts of tlie 
Ityicids which is the reason why hard waters are not suitable for waali- 
Ijptirpiws- 

Offirial soap is pure sodium soap; Green soap is pure putusi^uni soap, 
me rItuIioIic wjlutiori is called spiritus sapotiatus. 

flMp liniment, opodeldoc, in a gelatinous mixture of alcohol, todiimi 
" ~iphor. ammonia, and ethereal oils; liquid opodeldoc iii a solution 

iimsoapsand camphor in alcohol. Ammonia liniment is a mixture 

htty oils with amniutiia, and in the presence of camplior-oit it is called 
ophaisted ammonia liniment. 

Pbuten. The lead salts of the fatty acids are called lead plasters, 
we obtained directly by boiling fats with lead oxide and water 
i). 

On mixing lead plaster with different substances we obtain mercurial 
" , soap plast<!r, adhesive plasier, etc. The tough mixtu 

.. wax. and oil« with active bodies which are used externally ai 

Mkd plasters. Tliese differ from the salves only in their consis 
' Saitxt are the semi-plastic mi.\tures of fats or oils with wax, resin, 
'' ' hn\e eitlier Nolid bodies as powders or solutions mixed 

M. If water contains bodies, such as plant mucilage, athu- 
etc. in solution, they give a mucilapnous character and 
osity to the liquid If ods are thoroughly mixed with bucIi 
' remain suspended as very small globules and the liquid retains 
learance. Such mixtures are called emulsions. 



4. Monohydric Compounds of Trivalent Alcohol Radicals. 

Trihydricalcobiil radicals may eito appear monovalent, but not free, 

i form unsaturated compounds whirh have the property, like ull 

ittier unsaturated compounds, of readily taking up 2 atoms of H, Br, 

and beiii); converted into eaturat^l compounds. Tlie radical 

or CH,-CH- is called vinyl, C,H, or CH,-CH-CH,- is called 

dlyl, etc. 

a. Alcohols, etc. 

Vioyl alcohol, C,H,-OH or CH,-CHOH. occurs in commercial ether 
nd i» very unstable. 

Vinyl sulphide, C.H,-S-C,Hj, found in the ethereal oil ot garlic, ie 
-'■■""IB liquid having a garlic-like odor and hiAh at 1(11°. 



1 



:ARBOHVo«,,^^^ 



^°?-<;?>>», 



ci^' 9'^.oO„ stereoisomer ,^f 
»'*'J^ich on riirtt,„, -^ '^'^-e crt^.*»S'=8- and certain varieliei. of 

■,<»»™ ■"«' >■«« "ot split Ini '^" TOeemlcarid, C.hJ),. It i. 

" active moditiFations. 
^tJBDS OP HEPTAVAl^BNT . 

RADlcI HIGHER ALCOHOL 

^f thesa with even ^^i!!*** *^**""'«- 

* rt»fKyl. aud aituethyl i...,.t'"^; ^^"^ known; e.g., diacetyl^ne, C,H„ 
^*^ '^-yioiu., C,H„ both iBomere of ben»-i'e. 

C H o' o^I^**** *"** **»«"■ Derivtivc. 

i/e* -.V (omi8 colorless Vi-..^. ■; '" <^"'it^ined in the fruit of the Laimis 

\te. C,H„o„ found r.^^'"'^'' '""''"' 1«8°. 
«*•* -to" needles whi.-i, .'"'"^ I-uclariiiB volemus, fonna colnrleas 

ir*^*^,t%H,.0, ia ,, '^ "."^^ '•t 1-W. 

i«:^*>*le,C,H„().'ore 1, ' '»i;'»J7.8l<>w(.ctite,C.H,,0,oK;H„(OH), 
— <>*•' rf nriHluved Iw lu "' '"V Tluuc akuhola form colorless crvB- 
^ ^ff •^■'■"•" "f '""""' Mrogei' up»n their alSe- 

^tlS*•1 uX' SI™'2a' 'e^^'^ooclose. C.H,.0.. glueononow, (-.H^O.. 
3^**,W''^'2i P^^^f^d (r„>n the htx<«es 'fc.H,/). (p 451, 4) and Uctd 

G'"_cid« A u" p/'- ''" "xiikilicm. Tlipv inay al»o he piroarvd from 
i*^*..n:0»*' ^* '«"•• "y the addition of hydnxyunic arid, iis i.i.nlioned 

* ^ CAR BOHYDRATES. 

_^ name carlxihdyratt' dopnds upon Ihe fact that all these 

^juH^ contain hydruf^eii uiui oxygt'n in the aame proportion 

■''"^p,. csisl ill wal«r,bvit this proportion also rxist^ in many other 

yiiAa, Vieuov it is not chHractw-isiic of the rarboliydruti-s. 

In t^^ brood st-nse the term carl>ohydrut«s is applied to all alde- 

1 _\ciAi<Ab (aJdoses) and ketone alcohols (keUmes) of the polyhydric 

^'^ ho\* whw\i eonUiin a HO group attached to the C atoms iieif;libor- 

thf aW*'^>''^^ '^^ ketone sroui», as well as their anliydridiv-Uke con- 

"* ^l(^,m \iroducts. 

Thi^e compounds may be considered in eonneetion with their 

^^ppnding polylijtiric alcohols, and this plan ha-s been adopted in 

nection with the carbohydrates containing lews than six atoms of 

^^"vl bnn Acconliog to the num1>er of C atoms the carliohvdrates are 

j*^ ^ abo called Moses (C^H.O,. P- *«». '™'*"-« (C.H.O,. P.«3). tetrosa 



i. 
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ir»«l»fferent, i.e., they are neither acids nor bases. On 
■^1*"*'***^*' jm^^ bodies of simpler constitution and leave 
^^* "**■ Oh oxidation they are transformed into hexon 
J— aspect! veiy saccharic acid, tnannosaecbftric acid, or 

p- '^^**) Uiricl ou stronger o.tidation (fusion with caustic 
^ tl^ey all yield oxalic acid. On boiling with dilute acida 
«i V>olyaa«;cliaride3 take up H,0 (see Hydrolysis, p. 87) nud 
1^ ji3to monosaccharides, and this transformation may alwo 
^VXJUt V»y different enzymes (whicli see). With nitric 
.r^** » "^-^^cordiiig to the temperature, etc., either mtrat«« 
i»«^ ^** simpler compounds (p. 322). On heating with 
\ rninera.1 acids they yield levulinic acid and huniua 

^,^f"t>'*">'*l rates with six or one with nine C atoms readily 
_rt c;l***v»Se Vjy meana of organized ferments which we cull 
(P' 325J, The chief products produced in thia cleava^ 
.ct»c acid or butyric acid, according lo the variety of 
■irB^** f«»"i"<^'it can only split a compound of a certain 
, J, (p- 3035 ; thus yeast can only ferment dextrorotalory 
'' rtd^^ a.m.1 la^vorotatorj' Itevolose, while the disaccharides 
^^^ „V^rto<i int« the fermentable monoBaccharidcs by the 
*| , (,^e yeH«t, Many carbohydrates dissolve metallic oxides 
S "^ ccbarates corresponding to the alcoholate« (p. 343). The 
J^ e the OH groups may also be replaced by organic acids, 
offi" Aicft^''' P*-c, The latter compounds are widely distributed 
^lON T\^(5 and are called glucoxjilci (which see). The glucosides 
l\i'* y . y) their components by the action of acids, alkiilieii, and 
e *V" ^ the same time taking up water. Similar compounds to 
ffW*^*^ ' tj ) may also be obtained SJ^ltbetically. 
;^»' " p^wn. Only the monosaccharides and those carbohydrates 
relat*^ thereto, but not found in nature, containing 2-9 atoms 
'' hoH ** "^'^^ "^ '■'"^ disHccharidea maltose and isomaltose, have 
lir obtained synthetically. 

TVip dif'^overy of E. Fischer, that phenylhydrawn forms insoluble 

nnds Mlled osazoneti with the above-mentioned carbohydrates, 

*" »de it possible to precipitate and identify the artificially obtained 

■ ,;« nt sugars prepared according to the methods to be described. 

TV sepa'**'''" **^ ^^'^ supi-rs from the accompanjing by-products 
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ji»d ia produced, accomi^tiied witli rf-glwose, from milk-BUgar as well aa 
{{(ini dextrorotatory vaneties of gucna on warmine with dilute acids. It 
',s more dextrorolAtory tliati (J-gluLiise and ii insoluble in alcohol. With 
(issrcnt liydro^n it yields inactive dulcite, and on oxidation ealactonio 
,d«l. C,H,.{>;. and then miicie acid, C,H,oO.. are produced. 

{-Sorbinose, aorbiu. sorbose, in a ketoae stereoiaomenc with lirvuloae, 
iUidi)n.'ura in the juice of the mouii tain-ash when it has stood for a long Unie. 
It iomis colorless crystals whose Bolutlons reduce alkaline copper solu- 
tions. l)Ut is not fermentable with yeaat. It is not chani;ed on boiling 
with acida and yields trio-ty^lutaric acid. C.K.O, (p. 425), and with 
ri.-tsifnl hydrogen It is converted into d-sorbite, C»H„0, (p. 44(i). 

J-Umnose, tjeminose. a slereoisomer of rf-gtucofle, is obtAined with 
f'-l.i'viilnse on the careful oxidation of mannite as well as by boiling the 
, iiiicdiydmle semtnin. occurring in the earth-nut, with dilute aciila. " 



3. Dlsaccharldes, C,,H„0„. 
Saccharose, Lactose, Maltose, Hycose, Helebiase, Isomaltose. 

The boilies of this grniip are also called naccharosfs or bioaea 
(p. +4S) and contain S hydroxyl group*. Thoy are anhydrides of 
two penerally different monoKftccharides (hence the name disaccha- 
ridps) ajul decrinijxii>e on heatiiif; with dilute acida into monosaccha- 
ride, at the same time taking up one molecule H,0 (by hydrolysis) : 
C„H„0„-l- H,0 - C^H.^,-!' C.H„0.. 

Saccharose, cane-sugar, beet-root sugar, is the anhydride of d-glu- 
toscnnd /-lievulose. Occurrence. In the juice of many plants, espe- 
cially in the Bugar-canc {to 18 per cent.) and the sugar-beet (to 20 
per wnt.), from which it ia chieHy obtained by evaporation. It is 
pnncipally found in the stem or the roots of tho plants, while glucose 
and l[E¥ulo8e occur to the greatest extent in the fruits. 

PrrpnTation. Tlie juice fmm the sugar-cane or the suRar-heet is heated 
III iKiiline with mitk of lime (calcium hydroxide), whereby the plant acids 
in* iicutraliied (p. 4541 and the protei»la are coapilated and separate as a 
^'um. At tlie same time a part of the calcium oxide forma with the sugar 
u wihible calcium sacrharate, C,,H„0|| +CaO. The juice is now treated 
wiih ewbon dioxide, when a large part of the lime is precipitated as 
iiilrium carbonate and at the same time a considerable amount of con- 
Iflininalion is precipitated out. ,\ftfir the separation of the precinitate 
(lie hot juire is fliterpd throiigh bone-bbck. which removes the coloring 
nialtera and some cnntained lime and a part of the salts. The filtrate is 
fViipniuti-d to a simpy cnnsistency in vacuum-pans, when on cooling the 
nanf-suear crystallizes out. Tlie sirupy, brown mother-liquor, molastei, 
fonlaiiia still about 50 per cent, of suear, which is prevented from crys- 
ItslTuriTig by the contained salts and organic substances (about 30 per cent.). 
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I Lactose, milk-augar, lactobiose, in the anhydride of (i-glucoae 
and ti-gttlactost!. 
Oecitrrentx. In milk, amniotic fluid, in certain pathologicBl 
pec ro tJonB, in the urine of aueking animals. 
Preparativii. Milk wliicti has l)<«n freed from casein and fut 
(tlu^ wliey) is evaporated to cry^LulUzation and the milk-sugar tlius 
obtuiicd purified by retrystallization. 

Properties. It forms crystalline mnsses with I mol. H,0, or a 
ori-jtAQine jrawdcr which dissolves in 7 parts cold water and 1 
patt boiling water, producing a faintly sweet, dextrorotatory, not 
si rupy solution wliich shows birotation (p. 452). Lactone is nearly 
insoluble in dilute alcohol (used in detecting admixture with cane- 
sugar). 

On boiling with dilute acids lactose is converted into a mixture of 
rf-gstUctoae a:id d-giucose; by nascent hydro^gen it is transformed into 
nutnnrte and dulcite. It doea not ferment with pure yeant, although it 
readily undergoes lactic-acid fermentation by the action of certaiu fungi, 
e«pcoially in niilk. It undergoes alcoholic fermenlation by the kepliir 
and lyrocola fungus (p.32.5). On warming with nitric acid it is oxidised 
to muric acid, and on boiling with HNO, oxalic acid is obtained. It is 
iirtt decomposed by cold concentrated sulphuric acid. It reduces on 
njnmoniacal «lver solution even in the cold, but nn alkaline copper solu- 
tion is only reduced on heating (differing from g;lucose). On boiling for 
a long time with dilute H^SO^ Icvulinic acid is produced (p. 371). On 
hoatins to 180° it is converted into lactocaramci (p. 454). 

Maltose, malt-augar, maltobioae. ia the anhydride of d-Klucoae. It is 
found in the contents of the small intestine, and \a the sugar lormcd besides 
dextrins by the action of the eniyme diastase (niaU) upon starch: 

3C,H,„0,4-H,0 = C,.a^O,,+C,H.„0,. 

tbUoH. Dntrin. 

It can be svnthcticnllv prepared from d-glucoee. It oryslalliKea with 1 
nsol. H,<> as liard wliite masses which coiuist. of needles. It has a 
Sweater dcxtrorotatoty action and ia lf!>a soluble in alcohol than dextrose, 
im.tid is split into 2 mol. d-glucose by boiling with dilute II-^O,, as well 
^Ls by the action of the enzyme maUate. Maltose reduces alkaline cop- 
Tser solutions even in the cold, but to a less dc^rree tlian dextroae. It 
**adilv femieiita with yeast, as the eniyme maltaae of tlie yeast first splits 
it inlii fermentable rf-glucose. 

Helibiose, the anhydride of li-glucose and rf-galactose, is obtained, 
d-lievulose, in the inversion of melitriose and is Btereoimmeric 

ilk-sugar. 

iBomttltose is prepared svntlietically from d-gliicoBe, and is produced 
rith maltose bv the action" of diastase upon slan-li. It lias ii weaker 
luring power than maltose, but is not fermentable. 

■'— loae, trehalose, is found in ccriain fimgi, in ergot, i" ""■ M.nno 
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One Fa-^^^^^ton yields 860 c.c. eiploaion-piseB Cp. 207), m 
expand In 7800 cf. the moment tiiey are set /ree bv tlie beat geocrnU 
Co/Jfrfi«m oitian coUoin/Hn. wUuW nitrate, Cil.0.(NOJ, and edb 
(ftnwrote. C,H,Oj(N0j)j, nre formed by Hie acliou c.f less coiicoiilr 
nitnc acid, are "ot explosive, and are soluble iu uk-olioi-ether intxl 
fonninK eollodiuin. 

Cuuodium lesvea tlie colloxylin, on evaporation, as a transparent 
Icelloidin) Collodiuiii cantlia'ridatuin contains tlic ethereal extnM 
the Spaiiiali-fly. Collodiuiii elaatieuni contaiiia sonie coaior-oil and 
penlJne. Zapon vaniinh ia a solution of I'ollodium eotton in aretoa 
amyl acetaU. Celluloid, the substitut<i for liard rubber, ii> coUoc 
ootlon impr^iialed with camphor wbieh is preiwtd and rolled. 

Uualin. lithofrauteur, Hmin's powder, U a mixture of glycerine t 
trate with sawdust, etc., wliii^h has previously been treated with fl 
acid or Kulphuric acid. E^xplosive gelatine ia guncottou impregn 
with ((lyrarine trinitrate. Artificial silk, winch is very similar lo nat 
ailk, ia prepared by pressing collodion into water and trealinfj tlie i 
fine fibres of collodion woorthus obtained wlh calcium sulphide, ti 
leduces them to silky cellulose fibres. 

LigniD, xylogeii, inenisthig substancn, occurs with cellulose u 
chief constituent of wood, and is similar ta it. It dissolves rradll] 
HNO, + KCIO„ which serves in aeparaling it from celiuloKC, Itodieif 
t«ining lipiiii tuni veltow in the air and lieht and also with tuillinai 

Bhate, and beautifully red with a soluliuii of phlnroglui^iii i 
.01 (detection of lignln iu paper). 

Starches, Amyluni. Oeeuirenee. .Tlicy are found itinrarl]'all|Jai 
altliough not always, a-i micruHCopic granules of an organized struct 
who»e sme tuid configuration differ in the various specien of plil 
and tills fact is used to difTi^renliate between the VHrimis ^tjuvhtaj 

The starcli granule consists chielly of starch, which i« called flU! 
granulose and starch cellulose, also called farinose, wliich fonna | 
structure of the grains and remains unchanged by the action of nH 
etc. 

Prepnraluin. On a large scale it is chiefly prepared from potiit( 
wheat, or rice, which are macerated with wat*r to a i.iastn aiid d 
kneaded on sieves with wat(T. The starch ia hereby wished out I 
pits^es tlirough the meHhcM of the sieve, while the cell membrane, 
gluten, I'l-c., rcmiun behind. The starch is iiow allowed to sq 
and dried. 

Pro^irrtieH, White odorless powder which 13 soluble in an aqvM 
solution of chloral hydrate but in-soluble in cold water, alcohol, 
ether. It attracti water from the air, and when treatol with Imi 
walJ-r it is cnnvert«I into a slimy mass which forms a parte on coo 
and a hard mai» on drying. If this paste is boilnl for a long \ 
with cou.iiderable water, the starch dissolves and alcohol prcci^ti 
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a thia solution a wliilo aiiiorphoua powder wliich ia soluble in 
er {soluble ularek, amidulin). The solution is dextrorotatory, 
I on heating to lti0-200° the starch is transformed into dextrin 
irch gum). On boiling with dilute acids starch is converted into 
:triii and Bnally into dextrose, at the same time takiuR up water, 
the action of mult dinstase it is first converted into soluble starch 
1 tlien into dextrin, and finally into maltose and isomaltose. 
^ncentrated sulpliuric acid dissolves starch with the formation 
atjvrch-sulpliuric acid, which forms salts with bases. Concentrated 
trie acid dissolves starch, and on diluting with water xyloidin, 
^„0,{N0,), precipitates out; thia xyloidin is explosive like the 
llulose nitrates. On heating nith nitric acid oxahc acid i.i produced. 
be deep blue coloration obtained by an aqueous solution of iodine , 
1, 143) with starch is characteristic of dissolved starch, as well as the 
aifi'h in the grains. This coloration disappears on heating and reap- 
fOTK on cooling, and is used in the detection of starcfi. 

Tlie most important forms of starch arc wheat starch, potato starch, 
rrowTixit starch, sa|[o and tapioca or cnsHavu starch. 

Inulin, found in the roots of Inula hcleiiium, is soluble iu hot water 
rul mrtis ypllow with iodini'. 

Glycogen, llver-atarch, animal starch, occurs in the liver, in all devel- 
piiil! aiiitruil cells, in many fungi, and m certain higher plants. It exists 
J a gmtler extent in horse- musi'les, in the fiBtus. and m niollusks. On 
tte £ath of the animal it Ih quickly transformed into dextrose. It ia an 
itiorplious colorless powder which turns reddish brown witli iodine and 
I Bolulilc in hot wat*r, giving a dextrorotatory power to the solution. 

tichenin, muss starch, occurs in Iceland nioss, is soluble in hot water, 
,nil iiiniH blue with iodine. 

Deitrlns, Starch Gum. Occuneiwe and, FiTinalwn. Dcxtrins 
s llif name given to a scries of intermediary products produced 
n tlie transformation of the starches into sugar, and of these oidy 
vnylo; eiylhru; mallo-, and three achroodcxtriiia have been closely 
itiulicd up to the present time. Dextrins arc formed by gently roaat- 
ing siurch, as well as by the short action of nialt diastase or saliva 
ii]ii]Ti starch (occurrence in the crust of bread and in liet'r). It is pre- 
luiriil im a large cale (as a substitute for gum as an adhesive body) 
'jy moistening starch with 2 per cent, nitric acid and drying in the 
lirarid then heating to 110°. 

Propertifn. Yellow amorphous masses readily soluble in water 
ind dextrorotatory, but inaolubh? in alcohol. Most dextrins do 
11)1 reduce alkaline copjicr sohiliotis even im iMiihrig, and arc only 



B- ISOCARIiOCYCLlC COMPOUNDS. 

COHSTITDTIOH. 
locyclic compounds (p. 320) are those compounds whose 
jonUina a ring-Ctirniw] gruup of C atoms aud are all derived 
one, CMt, whereby its H atoms ara partly or entirely replaced 
;aknt atoms (p. 465) or by groups of atoms (aide chains), 



C,H,COH), 

PyrugalloL 



C.C1. 



twrbocyclic compounds therefore contmii a group of six C 
■ted together, 18 of the 24 valences having been satisfied, 
deiuHs are free to unite with other atoms, etc. Although 
taipounds each of the (> C atonia only Las one free valence, 
Ibehave somewhat hke saturated compounds and cannot be 
rjnto the:* without destruction of the molecule. For exam- 
Eturatcd hydrocortmn corresponding lo benaeoe, CjHs, must 
jormuln C,H,, Ip. 297), while benzene only slowly takes up H 
^, by addition and fonns bodies up to C',H.„ so that of the 
n of its 6 C atoms, 12 are always mutually satisfied in the 
but still in a diflerent way from the isomeric unsaturated 
JDomponnda, the olcfines (p. 304V 

peculiar behavior of this earlwn group of existing with 
fe valences, as well as the chemical behavior of all the com- 
donpng thereto (see Substitution) , and above nil the isomeric 
ies of these compounds (see Isomerism, p. 460) , can be best 
\ by admitting that the 6 C atoms are alternately united to 
ftr by one or two bonds, and that the last C atom is united 
first, so that the 6 C atoms form a closed ring-like chain, a 
bmzene ring (Ki^kulf's benzol fhpnr>0, thus: 



CONSTITUTION. 40:5 

Uo<i(lps \\\c isociirhocycrK' conipouiid^ with one C liii"; in tin* 
jihAo(miI«' wo hiiv(* thoso with several C riiijzis chaiiicd aiul ('(jiulensed 
together (p. 298). 

Monovalent atoms, etc., may aLst), as mentioned on p. 461, unite 
directly with benzene and its denvatives, although not more than six 
urc possible. The benzene ring remains closed in these compounds, 
and the double bonds of the C atoms are all of them or in part 
cbangpd into single bonds: 

Benzene, CeH*. Dihydrobenzene, CcH^. Hexahydrobenzenc, C^Hj,. 

H 



i 



H-C C-H 

' II . 
H-C C-H 

\/ 
C 



A 



H 


H, 


i 


J!' 


/^\ 


/\ 


H-C C-H 


H,-C C-H, 


1 1 
H,-C ('-H 


H,-C' C-H, 


\/ 


\/ 


C 


C 


Jl. 


a. 



The benzene ring in C^Hg is also called tertiary, in C^H,, secondary 
or reduced, in CJl, and C^Hn, partially nHluciHl. 

Thesw hydrogen addition produet^^, also called hydrocarfxfcijclic 
compounds, such as hexahydrotoluene, ('..HhCCHj), hexahydroxylene, 
CtH,o(CHa)„ form with the naphthenes (sck* below) Cauciisian petroleum. 
Most of them may Ih^ transfornie<l into the corre8ix)!iding isocyclic 
compound by oxidation. These addiiion prcKluots with their respect- 
ive derivatives differ markedly from their mother-substances, as they 
behave like the aUphatic comjwunds and hence h<»lc)ng to the alicyclic 
compounds (p. 327); still in order to make the subject clear they ^nll 
be treated in connection with their mother substances. 

For example, di- and totnihy(lrol>r?i/oiio. CbH. and CjH,^, as well as 
their derivatives which still contain a f*»w (* atoms with douhle honds, 
behave like the corresponding unsaturated aliphatic ('(impounds. Hexa- 
hydrobenzene, C«H,g, which contains th<» (' atoms all with single bonds, 
behaves, with its derivatives, like a siiturated aliphatic coniiK>und (see 
below). The most important compounds of this class an» those of the 
terpene group, which will l)o considered later. 

Clo!»ely related to tlM» isocarhocvclic coniiwunds and fonninjj a con- 
nection with the aliphatic compcunds we have those alicvclic compounds 
which form the simplest constituted coin|X)unds with C rings, namely, 
the jnlymethylencs or naphthenes, which consist of threi'or more methylene, 
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rides o( the olefiin*, Ihey uf i 



ufi-cn. 






groups, "CH.-, or, as llip> 
called eyclo-aUfinea; e^., 
TiiinethyleDe, 

<H, 
H. 

Hexamethylene, C,H.„ is identical wilh the sbov^-mentioned hexahydio- 
beri/fiie, C.H,(H), (p. 463). 

They torn liiu cliief constituents of Caucasian petroleum (p. 341), 
and also octur in coal-tar and shale-oil. and in the reain-oil obtained ■ ■' 

dis>iU»tioii of colophoniiun. They behave iike satumted aliphstit 

pounds, and differ froin the isomeric olefinee bv their inability of formini 
oUdttiuii products and their stability towards KMnO,. 

Tlie acids of lIicsh hydrocorljons also occur in petmtcum Mnd tn 
caUed petTotic acyh; e.g.. C,H,,(CHJ(COOH). These acids are iwmw 
dea of tJi<i oleiu acida, but cutiiiut, like thcee, be converted into fatty Kidt. 

SUBSTITUTIOK. 

The moat essential difference belween the aliphatic and oycEc 
compounJd ia shown by Bubstitution. 

la the aliphatic hydrocarbons the hydro^reD can only be direct^ 
replaced by other elements wilh difficulty. The halogens only have tia 
power of expeUing the hydrofjcn and of taking its place; hence thew 
compounds are used in order to obtain new derivativea. In theeycSt 
hydrocarbons and their derivatives, on the cc^iitrary, the hydropB 
of the benzene ring can not only be directly replaced by the haloeoB 
with ease, but also by the action of nitric acid or sulphuric Mid, 
whereby the nitro group, ~N0„ or eiilphonic acid group, ~80,H, 
replaces the hydrogen, e.g., 

C.H„+H0-S0rOH -C„HrSO,OH-l-H,0. 

Btnune. Bnlpburlc scitl. Benwnrgutphoiilo add. 

C.H.+ 22g>SO,-C.H,<po;-8H+"'**- 



C„H„+HO-NO,-C„HrN0,+ H,O. 

Nitric uid. NilrobenKiw. 

C,H,OH+ nO-SO,-0H " r.H.(OHl (80,H1 + H,0. 

Phrnil. Sulphuric- arid. PiiMmlralpbonlo Held. 

aH.,OH + HO-NO,-CJl,fOHl-fNO0-f-HA 

Pbendl. Nilrtr icld. Nilroptenol- 

These sulphnnic acid and nitro compounds are isomeric with the 
sulphurous acid and nitrous acid compounda. Still in the sulphonic 
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and nitro bodies the sulphur or the nitrogen is directly united 
• carbon atom, while in the sulphites and nitrites the binding 

place through the oxygen aloma: CjH,~0"SO~OH, ethyl 
to; C,Hi~ONO, ethyl nitrite (difleretiliation by nascent hydro- 

p. 319). 
lat pirtion of the benxene molecule remaining after substitution 
mI the benzene nucleus. 

I the aliphatic iMxiiea the sulphuric acid and nitric acid act only 

e ttlt-olio[H nr iiiiKaturuted hydrocarbons and form estera with them 

157 uiid 385) ; e.g.. 

C, H,OH * no -SO,-OH = C^.-0-SO,-()H + H,0. 

I^hyl ■Iciihiil, Ettayiaulphurk nod. 

^ulplioiiii' acij and nitro eompoinidH of the aliphatic compounds 
my be obtained in au indirect manner; thus, hy the action of the 
iodides upon silver sulphite or nitrite: 

AgNO,+ C,H,I =C,HrN'0, + ARl; 
Ag;50, ^^X,HJI = C.H,-S< ),-( >-0,H, ^ Ikgl. 
Ethyl Wph™ t . ■ 



Miii <-i'hyr» 
:iii1 in split o(T and an aliphatic 

he union of the halogen atoms in the benzene ring ig much 
(thantn tlieo|)en C chain of the aliphatie compounds, so that they 
rally cannot lie replaced by other grouiM by double deeomposition. 
. polyvalent element never replaces several hydrogen atflma in 
ttenzene molecule, therefore compounds like C^,~0 or CJI,-N 
unknown. On the eontrnry, a polyvalent radicr.I can replace 
ral H atoms in a t>cnzene molecule {see Terpenes and Alkaloids). 
w amido bodies are obtained from the nitro bodies by reduction 
niL'tcent hydrogen) : 

C,H,N0,+flH-C.H,NH,+ 2H,0. 
In this reduction azo eoni|x>iinds (mole - nitrogen) appear as 
nnedinte products. They cimtain the divalent group "N'N", 
isting of two trivalent N atoms, wliieh is united by both valences 
1 two cyclic radicals. 

!!k>sely relatet) lo these \vc Uave the diiuo compounds which eon- 
the group "N-N, consisting of one f»entava]ent and one tri- 
mt N atom, wlii<rh \s united with only one valence with one C 
■a of one cyclic radical ; e.g., 

C.H.~N-N-C„Hj (NO,)(C„H,)-N^X 




ISOMKHISM. 

3ii«ie, CJI.C1-CH,; Bc.i»yl chloride, C.HrCH,a; 
ol, C.H.(OH)-CH,; Bonzyl alcohol, C,,H,-CH,-(OH). 

f the hyiiropcn atorntt of the aliphatic side chain n 
rosyl, we obtain true alcohol" of the benzene s 
atiou j-icld aldehydes, ketones, Anil acids: 
,H-rCH„ C.HrCH.OH, CHrCHO, C,H--C0OH. 

lyllwueue. Beniyl aloolinL Bcouldbydc, 

lubstitution in die nucleus is indicated as ndo-subBtitulion, and in 
iide uhain as m>-.' thua. endochlortolueiie, CiHiCl'CU,. and exociilor- 
!iio. C«H,-CH.CI- lu- denotes aubstitutJoii nl tlie last C atom of the 
ehitin (C,Hi-^H,-CH,t'l. ui-clilorethvl beiiwne), while a-, 3-, etc., 
.1* aubstiluttoii at llie succectUng C aloins; thus, U,Hj-CH,-CHCl-CH, 
«hlorpropyl tieiizene). 

•Vom this it follows that, by substitution in the henisene ring or 
le side-eliain, we may have a great variety of beneene derivatives, 
the number becomes still greater on ac^counl of the i 
iblc on account of the structure of benzene. 

.f any hydrogen atom in the benKeue molecule is replaced by an- 
T atom or an atomic group, each compound thus obtwned can 
■ exist in one modification. Hence we have only one chlorbenzeDe, 
nitrobenBcnc, one methyl benzene, etc. The 6 H atoms of benzene 
p the same value, depending upon their mutual position. 
If, on the contrary, two hydrogen atoma of the benzene are roplai^ 
two siniilar or different monovalent atoms or atomic groups, 
II it follows I hat three modifications of s\ieh a compound arc possible, 

in fact all three theoretically possible isomers of moat c 
inds are known and are designated as follows: 






L Ortho 
■ 

E4J-H 

I ^ 

i^or example, we admit that two (.'H, groups are sulvitituted for 
H atoms, then these methyls take the following positions if we 
mber the C atoms from 1 to 6 a;^ ubiive: (a) 1:2, (6) 1:3, (c) 1:4. 



Mota and 
CH, 

H-Ca 2C-H 
h4.3"^H, 

I, 
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;- ..^.c tnily one H atom of the NH, group 
^ '^"*'cl> is dMignated as laclame formation, or 
*srovip j^p,, laten away, v?hicli is called lactime 



Ileal Sen atoms of benzene ate replaced by & 



^»t iieciissarily three i 



possible, 



. _ , --^.. iiei'iissaruy inree iHoraern are 

^ ., Ber» atoms of benzene are substituted, only uut 
I trius we have only one penlachlorbensene, 
■ '""^■=Morl>onrene, CO.. ett. 

„„i,.^_*''^~ ^iid tetra-substitution producta are designated 

owtu'^'^^i*' * (.^mmetncat). a {asymmetncal). The tol- 
vne rela-iive poBitiona of substitution; 




I Etc. , sulaatituted atom? or radicals are different, tlien the 
i\ers are still greater; thus, six isomers of the formula 
, fl.nd ten isomers of the formula C.H,(X)(Y)(Z) are poa- 

ibe correapondiiig bi-derivatives (p. 467), the C atoma ot tlie 
jcie'l* are numljered from I to 6, and Ihe eroup containing 
\iaviliS the smallest atomic wei^lit united directly with the 
(CttV** ^^** ptwiuon 1. The remaiuing aubetituted groups are 
Rested in tVieir order, so that tlie increased atomic weight of 
Erectly united with the nucleus Is shown. If two equal atoms 
\ ^tb ibe nucleus, then the other atoms of the group are con- 
*c«td\nji to their fttomirweiehts. 
geveral Side-chaine contammg carbon the o 



a inolecvdar weight takes firat place; for example, 



OH 




AiQino-oKytootlioKy- Oxyuethozyahlor- 
nitrabrombgnnene 1 3 4'5 0. bsoie tie 1-3-6. 




Uilmfic Phenol Acidg. 



/. Ah-olwl ami Kct 

F lUudcUc «cid8, CiH.(CHOH-CUOH) or C.H.O, 

T»pic«cid, C^,-tiH<^^^* or C^„,0, 

PhenjUactic acid, C,H,(Cj^s-OHCUOU) or C^.oO, 

BeaioyUcetic acid, C,IIt-€0{CH,-COOH) or C^.O^ 



9- V" 



}U<! Aci,h. 
ril-CUOH) 



Cinnsmic acid, C,Hr,iVU 

Atro pic acid, '-■tlf.'- (■{((iii 

PlienylpropioUc acid, L',H,it'"C-(_'OOH) 

Oiycinnamic acid, C,H.l.UH)(CH-CU-COOH) 

Dioxycinnamic acid, C,H,(OH),(CH-CH-tX)OH) 

Uii11>'i<-' uriU umbdiic ni'id.-*,) 

Irioiycinnamic acid, C^,tUH),(CU-CH-COOH) 

'roperliet. They nearly all fono cryBtals wliicli are soluble with 
rully ill wAlCT, and lieiitre are precipitated from the solution of their 
by minentl at'ida. Those with simple constitution can be subUaieii 
dieUlled, while the others gtiiemlly split off CU, oit heating. Ihis 
rage takes place with all ot thE^in on heatiug witli alkkli by- 
idee. In other respectH they correspond to the aUphatic acids, but aa 
' are, on the other haiid. benzene Uerivatives, therefore they may be 
le to undergo the Irausformationa whicli are coiomou to beiiRcne. By 
introduction of HU groups uitu the benzene nucleus of these a 
liroiluce phenol acids, atijo L'allud o^^'acldB. and wlicn HO groups art' 
odueed in the side-rbain we obtain alcohol acids wluch correapoud in 
It properties with tJie phenol acids. 

Prtparalum. 1. By tlic oicidatlon of the corresponding aldehyde and 
Mjy alcohol. 

2. By the oxidation of the homologues of beniinc (p. 473). If the 
lologuea also contain the -0H-, NUj~, NH, groups, etc., acids willi 
ie groups are obtained. 
1. On the saponification of the corresponding uitrile; e.g., C,H,rN ~ 

o=c,H,-roorn-NH,. 

I. By the action of raition dioxide derivatives of benzene upon ci 
teiie derivatives (see Henzoic Acid and Salicylic Acidl. 
i. Tlie unsaturated acids are obtained accordiiift to Perkin 
Lhe action of cyclic aldehydes upon fatty acids (s^e Onnaniie Acid). 
from the monohalogen derivntit'cs ot tlie aaluralpd acids bv means 
IcoboUc caustic alkali (p. 32.%). 

Ocfiirrence. They occur in many resins and balsams and as NU, 
vativee in the animal orgiiniiuii. 





TQWENB COMPOUNDS. 

(Te aliphatic character. By Bubslitution tn the benzPtie 

■the side-cliain we obtfuti compounds of a mi\eil character. 

i-ir«3 of toluene containing the radical C.Hj"Cil," are call 

radical CJ1,-C0, brmo-,1, the radical "CJlrCH,, 

^2ft «Qnipounds. In regard to the further uomeiiclatu 

uene derivatives see p. 471. 

ChlortDlu«iet,C,H.Cl(CI],); all three tscimer« ate known 
^m- and iodutolueur-a (Preparation, p. 474). 
mtrotoluenei, C,H,(N<\)CH,; ell tlii<« isomeit. are km 
( concent rated nitiic ncul upon tolui.-ne ne obtum t 
id Ute liquid orthoni I ro toluene, 
TotiddioM, amidoKilueiiiB. C,H,(NH,)(CH.). (he thre< 
' ■ the redui'tioii of the three nitrotolunies. Orlh* 
re fluids and para toluiUine n solid. 
Beazjl chloride, C.Ut-CH.CI.as well as tlic hri'inidi: and' 
wless hijiiuls with a pungent odor iPrcpuralion. p. 474). 
Benial chloride, C,H,--CHC1,. and bcnzotri chloride, CJ 
he further action of chlorine upoi^ builiiig toluenfl 
Benzjlamine, C,H.,~CH,NH,. !)< produced hy heating bet 
iia and lonsiEts of a colorless liquid with a Btri 

Bcnzvlcyaoide, C,Hs-CH,CN. forms the .■thereal oil of tbi 
igurden rrcissps (l.epidiuui sotivuni) a ceo ni pan led bv 
Bcnzylisoaulphocyanide, benzyl niustard-oil, C,H,'CI], 

Benzylalcoho), C.HrCH.OII, occurs as the cinnam 

beVuyl ester in storax, balsam of Peru, and Tohi aridk 

b&ivildchy<)e by the action of alkali hydroxides 

lydrogea or by heating bcuzylacctate with caustic alkaliet 

a oolorlcse thick liquid, boiling at 207°: 

C.HrCH,a+C,H,0,K=C„HrCH,(C.H,0,) + Kd 

BeuylehlnTid. Pot.Bcotale. BeniylanrtMO. 

Benzylaldehyde. oil of bitter almond, O.IU'CHO, 

iliphatic aldehydes and is obtained by distilling i 

witti a salt of fortDic acid (p. .I.'il, 12), ah^ by h« 

th water: C.HrCHCl,+ HOH -C.H,-CHO+: 

Ordinarily it ia prepared from bitt«r almonds by 

of the glycoside amygdaliii contained thereii 

thus obtained it is generally mixed with hydrocyi 

e,Hi'"CHO(CN) (aee p. 3.''il, 0) and forms the oil of bil 

of the drugfpst. Benzaldehydc is a colorless liquid, boill 

ha^nng a characteristic odor, an<l fiiviiii; all llip reaclJi 
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NAPHTHALENE COMPOUNDS. 



.^"N/~-^ 


' \/ 


-HC C Cll 


HC C 


1 II 1 
-HC C CH 


„A 1! 


'^c/^c'' 


'^^\ 



Fhcuanthrenj.. C,,Il,o. 

H H H U 
C=C C=C 

/ \ / \ 
HC C— C CV 

\ ^ \ ^ 
C— C C-C 

" \-^ " 
H H 



Fluoranthrene, C,,H,|„ pyrene, C,,!!,,,, chrysene, Cj,H,j, naphtha- 
ceoe, C,,H„, picene, C„H,„ all have a similar structure and are found 
IB that part of coal-tar boiling above 360°. Th(?y are all cotorleds 
crj'stal.s and tiieir derivatives yield even a larger number of isomers than 
the benaenes. 

Condeixsed compounds of benzene rings with rin^ poorer in C 
(p. 463) which have two mutual C atoms are also Icnown, namely: 



H 



H 



H 



H 



HC C CH 

Hi H L 


HC C CH, 


HC C: C 


HC C CH, 

^c^^c/ 


1 11 II 
HC C C 


H H, 
l.>de».C,B.. 


H H, 

Hydriulene. CHio. 


H H, H 

Pli»ren«. CiiH,„ 



Ah 



Beades these we also have condensed compounds of the isocarbo- 
eyeHc with the heterocyclic compounds (see the latter). Condensed 
eonpounds which consist of two ring s^'stenis which liave 3 or 4 
mutual atoms are also known (see Terj>enes and Alkaloids). 

I. Naphthalene Compounds. 

These compounds contain two benzene rings with two common 
C atoms. Naphthalene may yield two series of monosubstitution 
derivatives (a and ^ according as the substituting body is intro- 
duced next to one of the two hydrogen-free C atoms or removed there- 
from, thus; 




co" 



,,a^" 












,4., "If^. ^^'Kxff -"* *^^' 



jooiv";' ^tf« " 



^"r^:Se?^j 










Ltliruquinoue sulphouic acid with cuiistic alkaliee: 



H,0^SO,H)+2KOH-KHSO,+ H0H+C,.H,tOK)O,; 
(J„HaOK>'- + KOH-H,+ C,.H.(OK),0,; 

, compoutii' pmposed by HCl into aliBarin. 

lies. Techi*- i alizaria is a yellowisli-brown past*, and 
' it, forms red needles ivliich are not readily soluble in water 
f soluble m alcohol and ether, [irodueing a yellow solution. 
Ukeasubtititiited diphenol, a;:^ an acid (p. 474), and dissolves 
with a purple-red color. Aluminium and stannic salts Conn 
^ipitate, ferric salts a dark-violet with solutions of aJizarin 
alcos). In calico-printing the figures are printed on the 
tnih the above-men tiotted salts and the goods are then 
* water in which alizarin is suspendeil, when the colored ri 
i»lizari» with the metal deposits at the place mordanted. 
vis mordanted vith alum and oil then aliearin produces 
[ful turkey-red color, 

of the aloes, whi<'h differs according to the variety of aloes, 
i barbnlwu, r,.H„0, + 3H,0, .Qpaloiii. C,^„0„ naialoin, 
nil of which ure (.crivatives of aiithraquiiioiie. 
dioiyaothraquinones, C„ll,(('IU)H.>Hl,l), or C.jH.^O,. One 
I the chrysiiphaiiic nciii wliich is found in llie senna b^ves, in 
f the rhul>nrli, and in cer1:>iti lichens, liifonns gulden-yellow 
lich are aolulile in alkalies Hith a purple-rgj color. Chrysandiin, 
the aclive conslitiient of the uniK cnTed Goa or ArronJia 
It is a ycllowisli <TvslJillii<e powder. wliiri'Ss not readily soluble 
,nd Bniirmiiin, l.ul fonns u yellow soiu! ..with caustic alkalies, 
g the alkaline solution ivitii air it lurii'H'red and contains then 
nicaeid: C„H,„0,+ lO=2C„H„0. + 3'' O. 
BntfarBquinone', C|,Hj(OIi),0,. Cue of ^lese, called purpurin, 
h ali);arin in tlie roots of the madder aifd^may be formed from 
' oxidalinn. It, dyes wool in a similaL liianner to alizann. 
trloxyanthraquinones, C„H (OHj/CHJO,. One of these, 
~curs in the rhubarb roots, nloea, hark of the blatk alder — ■■ 
™ves. It forms orange-vellow needles. 
tetraoxyanthraquinoneB,'C,.H,(Cif,)(OH).0,. One of the, 

cene dyes. Many artihcial dyes are derived from alia 

e — OH and NH, groups, producing nlimrin c 

iKarin blue, alinarin hordeaux, ali/arin cyanin, 

Tin, anthrapurpunu, anthracene blue, anthracene brown. 
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tnent of the alonis, i 

split ot! from compounda of tlie s 

l)y tlie ciieuiical action the C uloois ou the dolled li , _ 

during ail wupropyl group in the p-positiuti to tlie inelhvl gn>uj| 

Tlie terpenes boil at 160°-190° ami their lioilinp-poinU a 
together that they caiitiut be separated liy fractional dlil 
whik this can be done on the contrary by their ability of S 
well-defined crystalline compounds with HCI, HBr, Br„ m 
These coropoiinda may be differentiated by their different fl 
pointA. They are distint;iiished bh iTpmeis, C,gHi,, aeagnfl 
C|iH,„ diicrpencs, C^.H^, and polifterpenen, (C,oH„)jf, and f(M 
the exception of the camphenes and the polyterpenes, «■ 
NolidN) colorless liquids having characteristic odors. They haM 
ent l)oiling-point8, various densities, great difTcrence in tnl 
ami are most of tlicni optically active. 

Nearly every tcrpcne has a known dextro- and lievori 
modificiition, from whieli an optically inactive form (p. 39) i 
obtained by mixing Equal parts of each. By repeated dig] 
or shaking with small amounts of concentrated sulphuric ai 
or polymeric terpenes are produced. On heating with vc 
yield cymene, C,(H,.4-21 -C„H„+2ni, and on oxidation n 
nitric acid they yield p-toluie aeid, C„H,(CH,HCOOH), : 
phthalic acid, C,H,(CO0H),, which are also obtained oi 
_of cymene (p. 503). The tcrpenes inflame by the. energetic a« 
s by nitric aeid. Tlipy abio readily i^ 




>to whicli pinenc, rntnphene, tenchflne, belong, can t«b 
BU>1. HCi, HBr. or lir, (p. 519); the lemiinm. surh u 
me, Bvlvcstrciie. can take up 2 niols. HG, HHr, Br,; 

phelfandrane and Urp'nes take up only X^,, 
t 156". i-finenp, trrpbeiitenc, oofura in llie GemiM, 
iwi turpentine oil. Canoiia balKam, inrense. end mtaiy 
'inene, or australeiie, occurs in English and .Anierimn 
1 also in naaiy etlicrwil oils, i-linene is produroi 



IB obtained from the turpentine, which exudes [ran 
bv distillation with water It is a eolorlew limiid 
xlorboitinfE at 160° and which is insoluble in wBt«rbat 
Jther, and fattv oils. It diaBolvM sulphur, phoapliunn, 
louc. On distilling with lime-water we obuin iwlilitd 
vhich is Free from aciils and resins. When exposnl In 
oil absorbs oxygen and become nslnous {usid in tfae 
1 vamislies and oil-paintaj. 

ture of inactive t^iT)enc8. is produced by the action irf 
I turpuntirie oil aii>l subsequently distilling with atcam, 

am are produced by the action or alkalies upoii i-.i-, 

ride and are culorless crystals lueltiug at acnut Sf, 

ilar to caniphor. 

ained from teiichoiie {p. 524), IhjiIs at about 180°. 

cture, p. 51!1) boils at 175°. rf-I.inioneiie.rftrene, tu- 

leaperidene. Hmells like lemons and occurs tn ul of dlD, 

owers, bergiiniot, and ienions. 

ure with /-iiinene in pim-needle oil. 

>ent«ne, ciiicne, boils at IW, and is found with s>l- 

h and Russian turpentine oil, in camphor ails, and ml 

I produced on heating the active limonenes to 300° ot 

er from terpinc hydrate. 

onned bv bollii'ic tcrpine hydrate , terpineol , cineol, widi 

id. Boil at 11^5°. 

he chief constituent of Swedish nil of turpentine, biHlt 



1, elemi, oil ot eucalypti, 
ntioned oils. 

reduced by boiling most lerpenes wilb dilute sulphuiic 
°, and smells like lEmona. 

2. Sesqui-, DI-, Polyterpenes. 
lene, dovene, caryopbyl 
d occur in tlie ethereal oiL 
boil between 250°-2SO° 






, -n i"i^,?r'*^i,^f ^"^ ^' ethereal oils. eto.. and a mwture of 
»* . IrU 8f« *"? V f *"P?*'"atioT,. ChemicaUy they act Uke aciik, 
ifl^*' Jva »» alltalifs. fornung so-caUed resin aoopa. wWch form a 
r ^^ , Hualia WvJ "o,n wbicb the resins are prpcipitalfitl by scida. 
ier ""■ ot b" (liaUl's'^ without decomposiuou axid they bum with » 
=y '^^^"ri.inie- . „ .,.__ . , . . ._ 



^noua tift ^^1, alkaiiea most of the reeius yield prolocatecbuic add, 
Oo i>i^?" ^raosjiienioic acid, pvrocatefliin, resorcin, vulutile laity 
ior«B'""'l; liot UNU, they give pirric acid, plitliaiic acid, and finally 
Ik .Is. ^''^ Qu diHtiUallon with reducing ageuta,tolueue,iyieiit,meiJ[iyI- 
e^Jac acid „ are oblaineii. 

jtliwcKne, o ■■ .^ij^jjja (,f jiie resius are the resin eslers (restnet). reaa 
Xbeihirfc^^,^,, e.g., abietic acid. C,^,0,. and pinianc acid, 
citla t«*"^r'indif[i'"'"'' a">"ia.tic compounds, Tcxeius. of wluch httle 
! Ll^UJ. *^,| ^n estere coutain peculiar alcohols, the resin alcohola 
»ltnown. ^l' latter are divided into the colorlias re.-inuls and the 
i». 5'J«. .f"*^^; , wliicU give the rc-a4'tio.,s for the tannins. Only a 
:4:tlonMl «»""*". _sinea. reaiiiolic acida. and rescnes at the same tune. 



titUe or no ethereal _u;^__ ^^_^^ ^^j^^ 



lolic acida, and re 
generally liar 



etiier and ethereal oila. 



LaftUe or im —— 
nf (.Item auluble 
i„^«>l.<>lorturp^^^ ^^ 



bard '«3"'» »" '-^^'.j.utr, ifdap resin, podophvllin, al. 
«,ic ^'"D- er.„^ l^Vp"rifed «hellac)ran,ber (also 
aloin, p. aU).,S"^,. p^jm euaiac ( contaios also euaiac: 



.^.,. ...id bnliie, containing 
Buluble in ali'ohol, and moat 
The aolutiou of nianv resina 
■ vamiah. The mont common 

guni beiixoin (ci 



(ah/o contain 
iiiuL-r (ajBu vuiitaina etlierea! 
also guaiacic acid and guaiac 



li-fluid and a 



of etiiereal 



Soft r«ma t*'^?'";''^^ insolulde in water, soluble in alcohol and ether, 
oils and ream. .,'~?y,(L.B oxvgen the soft resins pBdiioUy beciime hard 
j^.a tlio etherwl ou »^ ii„porlant are balsam of copaibo, turpentine, pine 

leflin, and ekmi ^^indsam of Peru, p. 501 , balsam of Toll:, p. .-^Ol , storax, 
i^*~^*1^'nSTthemal oiFonly in small amounts and consist 

%afAy of aromatic "'^'^^•^^ua n.ixtures of pum. plant mucilage, ream. 

"" Oim rwiM .»« ^?e7a^ •^■'Iv r»rtlv soluble in water (tl« RUm). and 

"^"^l^hTtthe reBi").' T" *'''" ^'^"^ ''^'""? AT...'! 

'"^inum. g>im asaf<etid». -^n' 

^odgum !">'."■''*>.„ „,oat important areamber, which conaats chiefly of 

Fosalwans. ,3'"„^™Vrid7at.d ^pi>^t. which is produced by the 

erl^usl oxidation of petroleum. 



5, Cholesterlns or Chofesterola 



,. J ■ „i«,hol3 hft\-iiiR the formula C-fl^O, which are very 

I uethe monohvdn.' .dcohote Mving^^ king^omS. and which were , 

I wddy distnbuted in tie an _.^^_ !^,_^^,t,_ ^y^j. They are dfjitro- 

ecsb iiKOvercd m '■'f ™' '■i„ j^ dosely n'laled to the tcrpenes or tlie 

0, kvorotatory "";^J^^„ries8 and Uu-teless crystals having vanoua 

I wmphors. They form, odoriess^^^^^ ^^.^^^^ ^^.^^ ^^ ^^.^^ ^^ ^ 

nwlling-pomta, 1 




orm odorless ana wu-ieiess cry=w.« 
il^luble in water, dilute acids, and 
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Dd boiling with dilute aciilti tliey split into gliicoHe and sapogenin,C„HijO^ 
Hie poisonouH saponins ok also called sapoliiHnee. 

ScUlain, sfillilosin. (C,H„0^jr, in the squill (Bulbus icilla?) : deciim- 
KMes into glucoar. butyric acid, and iaopropyl alcohol, 

Xapthorhamnin, CjjH^O^. riiamnin, rhamnegin, in the fruitfl of vari- 
lUS varieties of riiainnuB, and ^litfl fiito rhamn^tin (p. S42) aiicl rham- 
inodc, which can he split into rhniniiose (p. 444) and galacUise. 

BITTER PRINCIPLES 

■e aumeawus bodieii which cdnsist only of C, H, and O, have a bitter 
ste, Biid are colorless or oiily faintly yellow in color and generally 
arkedly cryBtalline. They occur ready fnrmetl in the plants and 
rm tlie active oonstitucnt of the aame. Their behavior towards chemi- 
t agents is very diverse, and only a tew combine with atids or bases. 
>st of them ore deeompoaed by those agents. Nearly ail dissolve with 
Eculty in water, but dissolve easily in alcohol and ether. Their 
nstitutjon Ikas not been sufGcicntly studied, but they all seem to 
long to the isocarbocylic conipouiids. Those of known constitu- 
>u wiQ be discussed with their mtither-substances. 



. 140=. 

Angelicin, hydrocarotiu, C,^„0, wttli angelic acid in the roots of 
ngelica archaugelica , also hi the eiirrot. 

Arnicin, C^„0,, ui the ani Ira -flowers. 

Arteiniain, it,sH|,0,, nilh santonin in the wom-eced. 

Acorin, acoretin, C^H,,,(J,, in the sweet flag. 

Bryonin, C,,H.oO„, uj tlie rraile of the bryony (Bryonia alba), 

Euphorbon, C^„0, in euphorbiimi rositi. 

Ery throe entaurin, C^I,,0,, in the oentaury hcri). 

Hop hitter, C^HjjO,, in the strobiles of Huniulus lupulus (lupulin). 

Capsaicin, Cj&„0,, is the aptivc principle of the Spanish pepper (Fnic- 
U3 capsici). 

Cascarillin, CuH,,0,, in the Cortex cascarilla'. 

CalomtHn, C„hI,Ot, in the Itadix Colombo. 

KoBin, kussin. C.,H,„n„ in the Florea koso. 

KmiMnellin, C|,fT„0,, in lln- Uniliv pimpiiiells. 

Hcrotoiin, in the loiriihis itniji-us, consists of a [ni\tute of piitro- 
toxinin. C„H„0„ and ,d,-rorU. r,,II,.0,. 

Podophyllotoxin, C.jH^O, - iH./). In Podophylhii. 

Quassin, C„H„0,o, in quassiH-wood (Ligiiuni quaasio'). 

Urson, C„H,.0j + 2H,0, in the leaves of the bearberty (Folia VvtB 



U 



m. HETEROCARBOCYCLIC COMPOUNDS. 
COHSTITUTIOIT. 
! heterocarbocyclic compounds are those compounds whose 
nt^ule contains a ring-formed closed chain (an atomic ring) which 
^MMnposed of othor atoms besides C atoms in the ring. Besides the 
■eterocyclic compounds with one atomic ring we also know of those 
-ith double or condensed atomic rings (p. 298). 

All these compounds are in behavior quite similar to the isocarbo- 
rclic compiounds, and what has already been given in regard to thetie 
cnpountis applies in general to the heterocarbocyclic compounds. 

A Fomplcte separaticin of tlie hetorooarbocyrfie compounds from the 
phattc compounds is not rational, as a great many have out of npccn^tv 
en discussed in connection with their aliphatic mother-substances, a« 
ey cBik be obtained frcini these and also because they can be transFonni'd 
ro the aliphatic compounds. Of these compounds which have already 
■en disc^ussed with the aliphatic compounds we find the aniiydrides of 



0jiy alcohols, acids, and their derivatii 
lecinic anhydride, <^Ico^*^' 
imtyllactone. OQ I >! imides. 



■ea; eg., ethylene oxide, <^g» 
tactidee, lactamea, lactones. 



nlmide, <p 



T>NH: 



^CH,-CO 
^CH,-CO 

fJU of polyba^c acids with polyvalent metals: e.g., lead malonat«, 
;H,<(^Q>Pb; ftlao the di- and polyamines, e.g., ethylen diamine, 

*-^^CH--CH. 



., ethyleii 



the 



['>XH; the in 
ireids and puriu derivatives, e 

In the folloiving pages the heterocarbocyclic compounds having 
i and 6 atoms in the ring and having the same bondage as the 
itoms of the benzene ring will be discussed. These ringn, in con- 
.radi^tinction to the rings with more or less atomE, cannot be 
■uptured in a simple manner, but form compounds corresponding to 
the benzene compounds, from which the derivatives can be derivcl 
■without a change in the atomic rings. 

The addition products of the heterocarbocyclic compounds will b« 





ORGANIC CHEMISTRY. 



I. Pyridine Compounds. 

(structure, p. 53(>). 

(methyl pyridine, 
I (dimettiylpyridin 
>) (trimethylpyridi 
i (tetramethylpyridilii 



* ^.Jiirlaj called p ndonea 



with aniline), 
with toluidine). 
ith xylidine). 
: with cumidine). 



ises occur with quitioline bosea and their iBomen, 
nr itiid in bone oil (see below). They are fonncd 
:i of many alkaloids and by heating aliphatic aide- 

1.0+ NH, - CjH,(CH,),N+ 4H,0. 

eas poisonoua liquids which are ilatUe without 
whicli have a charact(?rihtic odor. The lower 

soluble in water, while the higher tnenibere arc 
at of pyridine are readily oxidized into pyridine 

o37), while pyridine itaelf ia not attacked by 
r oxidizing agents, and by sulphuric acid only an 



ri ,teB. C3.N{H,>, are called piperidiMi, mttiijl 
p peeoHnet. the dimethyl piperidines, lujithdiw*,tM 

e nuinii derivatives an posmble, which are detig- 
leH. acpordiiiE as the suhstilution takes place nearor 
om Six biiierivativea are pfiseible, which are desg- 
ajf , ^f~, ftT -pyridines. Ten biderivatives with two 
I aiv pusHible (p. 4RT). 

tnkf!S place at the N atom due to a rupture o[ the 
poi .d IS called n-tmidine. 

py 'iiie ia derived from its formation from quiooline. 
[fiiit 'iirlxixlyic acid on oxidation, whei. one ben»ne 

shiiilar to the oxidation of naphthaline (p. 5M)- 
led from this pyridine carboxylic acid b epUtting iiK 
= {p. SJ7). 

il (Dippel's oil>, ia prepared from thp crude anmuJ 
y distillation of bones and other animal subBlaiicea 
ontains chiefly pyridine bases, also <^inoUne biiwa, 
igi|ps(p.544 .nitrilesof the fatty aadaaiidbentaie 



« «tt (.^ (COOB)^S. 
' wured by liie oi 
. ^-f I p 35.) 

l< i I br Ibr a 1 on of uaS(«D 

lf~ H ! J 7u J ) Dg » pep 

■ J I IIjI ( r p^n (p. 55 

I 1 'e of till 



J il ( U \H IS pro. 
\i p and an nacbt'e 

ud i /itro modilicat o Th 



liB,! H(CH)CO<',H-CO)-N1 
(imlh 1 yp pendine (also raft 
jKdisalocalEins^hctic instead 
i„lflihiii,C,H.(CHJ,(-0-C,H,-CH01 
riilP^vl glyralvl-n-m' Ihyl-trime' 
j.milir afid ridif*!, p. 4W>. ddi 
iBlriSt«ilo'ot"'P'n=- 

2. Qulnollm Con 

Quinoline, C^.N (str 
Isoqu'mo'jn*! t'„H,N (sti 
Quinll^oe, C,„lI,Ji (o 
Up'utoe, C„H,N (i 
CijptWine, C„R„N ( 

tKc HiwilJic or bet\i,opyr\d'm 

— \i\«iiE oil (V- aaS) and ii\ eo) 

,\- i^. ift^ \>y diavVaation ■» 

i ■ ,-; Iff \i!viia W"j\n£ peeuG 

..-.jrwoajteis wA (io\. \iva 
..,,\ifife^w*Aswi i\vQno\«s 



on oxidation yield 
l.<OH)N. correspond . 
ion with ferric cnloride 



■, we h»\e= 



iH,N. rtirre9p''ndmg to diphenyl Cp. J 

1 oxidation yield nicotinic acids. 

tlie phenols and give ^- 
r they correepond to tW 




PYROSE COMPOUNDS. 



4. Pyrone Compounds. 

o-Pyfone, coumaUn. t'.H.d, or 0<{;2~^|{-"'fU. is a eolorlpsa. neu- 
■1 liquid, boiling at 20!)'', anil liavmg an odor similar to caraway sceda. 
, is prnduced by healing couinalic acid (see bdow). 

r-Pyrone, pyrucoiiiaiie. l'<(;Hl{-H>Ct). 'oriTia colorless, neutral 
lyRals wtiicli melt at 32°. 'Flic pvroiic^s and tlieir derivatives on wanning 
vith NH, are convertL-d inio pynilones (p. 53U), when the ovygcii of the 
■ing LB replaired by -NH. Tlif properties ot tnaiiv pyronps is pvriiliar, 
^ipecially dimethyl pyrone, C,H,lCH^]U„ which altliough it huH a lieu- 
;nkl reaction, foniis sails with acida directly by addition, similar to iini- 
nonifl. Ill these salts (or every hydrogen atoni ot the acid one umlfcule 
A the pyrone compound taiies ita place. Un account oi their auHli>gy 
■JO the unimoaiuin aalta (pp. l.'iO and 21li) these salts are called oiunmm 
laJls and we must admit lliat the (ortnatioii of salts ia caused by the 
.sygen in ti.e ring being letravalenl; thus. ^[>0<^J|^y.^CO, di- 
oetliyl pyrone hydruclilotide. 

According to more rpcent rcwarchea nunicroUH other cyclic and ali- 
hatic ctuupounds containing oxygen have tho property of forming 
(Its such as the oxoniuin aaltn. 

The saiMP property lias tieeii known for a lon^ time in certain sulphur 
luipdUnds, tlie Bulphonium or snlphin hydroxides (p. M'^), where the 
Jpliur atom appears tetravalent. 

Comaoic scid and coumilic acid, Iwtli C,H,(COOH)0,, are pvrone- 
rJjoxyiic acids. The first is pro<lueeil from chelidonic acid (see [lelon) 
i(] the 01 her from malic add bv heating with coneentrated sulphuric 
id. 



Meconieacio,C,H(OHMC'CH1H),0,,oxypyrone-dicarhoxylic acid, occurs 
opium, and on boiling with water it split* off CO, and is converted into 
Comenie «cid, oxvpyrone-.'artw^ivlic acid, C.H,(OH)(COOH)Cl,; this 
>&t« off more CO^ on heating and yields 

Pvromeeonic acid, ff-osv-r- pyrone, C,Ila(OH)0,. 

i:H-CH 

a-Beuzopyrone, C.H/ I . Coumarin (p. 501) is to be con- 

dered as (i4>cnromTone. 

Xanlhone, C„H,0„ diphenyleiibentone oxide, is the molhrrsub- 
-ance of nuanthon, C,jH.O„ and of euianlhir tu-id, C,^i.O,|, both 
crumng in Indian vellow (p. 44*1), and also ot the yellow plart pig- 
ment grnlvnrt. C„H,„0,. of the rent'an root and daiiar.etin. C,^,X),; also 
■f rhamnorhryginr. Cp.H.jO,, and Thamnontnw. C,jH,oO, (»ee lielow). 

Plavone, C|,H,„05, is the nmlher-suhetance ot numerous yellow plant 
li^rmcnts. for example, qnemlin. ('nHioO,. from the glufoside qucrcitrin; 
9srlrn.C,jH,oO„in the fustic wood; fdn/stn*. C,.H„,0,, in the buds of the 
various poplars; iii/eoKn, C„H,oO„ in Keeeda luteola and digitalis leaves; 
gdangin, C„H,„0„ and camplerid, C,tH„0„ in the galanga rr- 





le, C.HioN, or HN<^^'_[;[{'>NH, diethyl enJltim I ne, 
LKydrap^raziiic. Il is obtained Iroin ctlivlunu bniiiiidd liy tlin ii 
thylendmniine, and fomis orvBt^kla wlildi am Koliibln in wnloi 
I at lOO" and which dissolve Ibi^p '1' " 

ttala (.ScliTviiK-r's crystuls). found n 
id to pi[)eiuzLiie. 



iMine, CJI,N„ 

CiaDuliM. 

HC CH 
aC C CH 

The first three of these four iaonieni 
X fnim iBoouinoUne, where ope "^JH 
3line is (iiily kiiovD in the form 



HC C N. 

Hi J ia 



C N 

ic c Yti 
,i i! ta 

hYY 

e derivetl ftmn quinoliiie and i 
i- Brmip in rcpWM hv ~S'. Oil 
if derivBtivPS, white trie rrllirni to 



Hi; H^ t 

HC ai 



used ill medicuie omkr tbe u 



CH N 

T r; l>emB ■ ■ ri*win ■, 



C.^t^'f •• 'Ii^vnl (nw) •rridtaM, «tNM 
gnxip ■ npteccd bjr -N-. It b fMwd 
at>d iMtna yctktm OMtdka aod \rf tfc* )»• 

Uacfc). adnmoM fn^wi Mm. ■w^Wia, 
r4* t*Til>nn btov), total fau* raOf Immnm 
• inn. WX Cn OH 

i .rV ' l'""~ '- 
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Piperaiine. C.H,„N, or HN<^[J'7^^'>NH. .Kethylendiamme, la a 
It0xahydrop^Tazi[ie. It \a obtaineil trom ethvieae broiuide by tlio action 
of elhyleiidi&niiiie, and fomia rrystitlB whicVi are Bolubie iu water and 
iii«lt nl 106° utid wlikli dianolve (ante qiuintitieH of iirii' acid. Spenniiie 
t-ryslaU (Sclireiner'n crystals), fomid in semen, seem to be closely re- 
Ui'wJ li.> pipirnaiiie. 

Binzortho- Benzoin eta- Benznpara- Ptalbslazine, 

disiine, CJI.N,. diazine. t\H,N' . diazine, (.'.U.N,, f.H.N,, 

CmBclmo, <J.iii«*,liiio, (JiimoiuliDB. 

HC Cll lie CH HC N HC CH 

HC C CH HC C N. HC C CH HC C N 

Hi Ik hUI JH nhj Lh „Uj, 

HC N HC N HC N HC CH 

The first three of ihpse four isumers ore derived trom quinoiine and the 
last from iaoquinoline, wbere one ~CH~ Ki^up ib replaced by ~N~. Quiii- 
aioline is only known in tlie ftimi <if derivatives, while the others torni 
crystals having slronu basic proiitrlics. 

PheDyIdihydroquinazoIine,C,ll,(C,M,,)N,(ll,). Its compound vrtlh HCl 
i» used in medicine under the niiini! orexin. 

Dibeaioparadiazine, plicii:izinL-,(VH,.\;, is derived rromacridine, where 

CH N CH one-CH- group \a replaced by -N". It is found 

^\x'l\/\. in coal-tar and forms yellow needles and by the in- 

HC C C CH troductioii of amido-, alkyl-, or alphyl groups forma 

* n I 11 1 t|]e dyeg called indoline* (true blue), '- — 

(aniline black), safranineo (iiidoin blue, 
magdala red, indazin blue), toluylene n 
fcn IJue.JanusKrcen. HC N 

Tribenzoparadiozine, naplithopbenazine, ^V^IX^X/' 

".•H.,,N.. obtained from certain azo com- HC C C C 

pouiiils. forms colorlea ervstals and by the in- 1. 11 I 11 I 
troductidii of amido-, alpnyl-, or alkyl groups HC C C C CH 
forms tlie dyes called purbodoles, eurliodincs, \/\!/%y\^ 
rosnduhm-Jt (anocamiin). CH N CH (M 

(-Triaiine, HC^ ;-_jij.^N. CjH,Nj, cyonidine, corresponds to tri- 
hydroryaiiic acid and is the mother-substance of the uyanuric compounda 
<p-3-i2). 

jj :iN, as well a 

1^ ^N, is only known in the form of derivatives. 
In regard to Ibe moaniiiit of »- a-, !■-, see page 460. 

Phentriazioe, C,HjN^ is priKhiced from quinoline, HC CH 
C,H,N. by replBcinR two -CH- jjrouiw by two "N" atoms. /\/X 
It forms yellow crystals which mell at 75" and have a na:^ HC C N 

TMraiine, HC^^j^TfJ^^N, 
not known free, but the dcrivu 



ill I U L ^^^ ^^^^ called indolines (true blue), mgroalnea 

C C CH (aniline black), safranineo (iiidoin blue, roauveia, 

%/\|/'\,/' magdala red, indazin blue), toluylene red, toluylene 

CH N CH IJue.JanusKrcen. HC N CH OI 




\ 



I 
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3, Oxazine and Thiazine Compounds. 

Oiiiine,0<^^^^2>N'H, ia not known free. 

Tetrahjdo-paraoiarine, *-^<rirZcH -'^'^' n'O'P'"'''"- •■ « «>'* 
less, baaic fiuid, boiling at lail" and wliich iias grtat similarity to piperidi 
ibslanee of lli- " ' " ' "■'- - " " 

Pbenoxuioe, C,H,<'q >C,H,, fomis rolorltas leaves and by ths 
introduction of alkylamine groups il ftimis the oxaxiiie and oxatone dya 
(Nile blue and gallocyanin), the blue niUHcarin piginenl. 

Phenthiazine, tliiodiplienylamine. C,H,<' ji^>C,H,, isproducedtram 
diphenylamine by healing it with sulphur and forma yellow hcaIcs. Bj 
thp introduction of alkyl or aniido groups it forms thi- tbionin dyn, I« 



These contain the tetrol grouii, l.'|ll„ 
~S~ form a closeii chain: 



bicli with -NH- "0- . 



Pyrrol, C.H^. 


Furane, C.H.O. 


Thiophene, 


HC — CH 


Htr~CH 


HC— C 


hH k 


hI! ^h 


I I 


V. 


V 


V 



The preparation and properties of the derivatives of these eoa- 
pounds are the eame as the corresponding ben:Eene derivaiJveK. 



. Pyrrol Compounds. 



SuDcinimitlii. Pyrrol. 

It is a colorlese busic litfuid boiling at 130° and having an odor nnulii 
cliloro/onn and dieniical properties similar to pyridine. Jt« vapoD o 
a pine shaving nioisU'iied with HCl purple-red. 




.I«iil lie replaced fc»3^ **^-^"l''''' 
»«.. which are «ll»c» *>i";h 



MCs. which are «!*»*» lifV'ii'tJ i 'ii;?<^t, '^■VAp 

.ethyl pyrr,,!, C.a^—^~Cti ». l^tai!'.) . '■ 




Pyrroline, diliyd"" 

c,l by ,hc .d,liti«-T Of , ^Str.^,°' X<^K-V„ '"" »&■«, 1 
Mi„- ^=,-t«»«»*« ft— •^r._^fr^? C^/'^^... ^«^-vw „ . I 



•»«'.. 
l,j, »>■•«„„ 



• "VS 






Pjrrrolidine carbcv- 
pmleiii bodies. 

Ji-ohol. ether. fnt.t>' ■«tltl '" ' 

•hyUoxntithin and fcl"»^^'» 

>ith alkalies vi'liia y>'*3''/t 
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Il..^fO„ fonoed in i,„ i^.g'^-'i-.. '^"'""''^ PwS,^'^'«fe«m 
pnsms soluble in Imi „ , ""n of („,.. * ""d jg 

"»"""''-'' p~p3,>' s '^4'S v. •?"«« .„■„ . 



, Wute Bcidfl. and alkuUca 

^-iJes, iiidoxyl, aahcylic "■■■ ' 
*^^iline are obtain ' 
^*J.irtU»liti, and on : 



i." CUMPOUNDS. 



It 



soluble iu cliloroform, aniliiif, oil 

id beiizenu. On fuaioii with alkali hy- 

Liithniuilic acid (o-aniidobenioic acid), 

acfordiiig to tlie temperature. Ou oxidation it 

teauction we cl.iaiii indigo wliite. It diaeolvea in 

fuming tsulpluiric acid, forniiiig 

-., ..,. ,., wilicJi are used in tlie dyeing 
which is soluble iu vihikt 

jpiuiuvt'*! ' — CI- t — -^"-fcu, C|(H,pNjOj, an isomer of iiidigo hluc, 

-UTS in eommereial mdigo blue, and is pmdufed besides indigo blue on 

^^ decomposition ot the iudoxyl sulphuric acid of the urine by HCl. 

produced frotn indigo blue by reduction 



.«=-^ coueeuiratea or i>«Lt«r i 
»*^i(jaigoinono8ulplioiiic acid, _ 

S^^otoulplwQit acid, C,,H,X,0,,SO,H)'.,w'hi. 

- -^. Its sodium salt, C„HXt';(30,'Na),. wl 
• -.!» a'^l"'^ '"''"'' '^•^'ed indigo earmine. 
»*■* wditobin, indigo purpuiin, C„H,, " " 

-UTS in eommercial mdigo blue, and 
**^^ decomposition of tlie iudoxyl sul 

*■ . fnrms brownish-red shining needles. 

**■ to^O white, C„H„N^O..iH produc 



BUlMlaill 



«t»FBc " — ■■ wid filled completely into a nask, 

*VV',j.h is closed and allowed to stand (indigo ot the dyer). The yellow 
^.lution obtained is treated with HCl, the air being excluded, when the 
?Zjjjgo white preeipitatea aa a white crystJilline powder, wiiich is oxidised 
VI indigo blue in the air (preparation of pure indigo blue from the c-™ 

solves v.. 

" ^he dyeini( is done according to two methods; The material lo he 
A^ed ie dipped in an aqueous solution of indigo aulphonic acid (Shmui- 
CliK dyeing)' or the material is diptied in the indigo solution ns above 
JescriW. and then exposed to the iiir, when the indigo white is oxidined 
(^ iudigo blue, which deposit* in the tissues. 

3, Furane Compounds. 



n the first 

■ and in the distillation o( pynimucic acid. r,n,0„ 

nfutral fluid, insoluble iii water, boiling at 32*, 

r odor. Il colors a pine chip moistened with HCl 



eistill-it^ of pinewood-ti 
wilh soda-hme. It is i 
„nd liaving a peculia 

^"^Forwialcohol, C,H,<CH;On)(1, found in the products oblained on 
mastiiiK ("dffee, is prepared from its uldehyde. It is a colorless liquid 
hoiliiie n' '70°. 

Furol, luraiialdchyde. furfurol. C,H,(CHO)0, a decomposition product 
(il pertain protcids. occurs in beer and brandy, and is produced in the 
diatiliatlon of bran (furfur), seaweeds, pentoses, and pentosanes (p. 4441 
with dilute (■ulphuric acid. It in a colorless arcmatio liqtiid boiling at 
lfi2° and which turns brown in the air. Sesame^il is colored cherrv-red 
hv HC! and an alcoholic Kohttinn of furfurol fuse of furfurol in the detec- 
tion of niHrsarine. which in (Icrmaiiv mn.ft contain seHnme-oil"l . 

Pnonucic acid, furanraHM.wlic acid, C.H,(COOH)0, in obtained hv 
llie oxiilalion of furol a.* well n'i in the drv di.st ilia lion of mucic acid, 
C H 1' forms colorless needles which melt at 1.14'*. 

' FurdD, C.H.O-CO-CH-OH'<;,H,(l, U produced from furwl in a 
nianner similar to benioiu from UenznJdehyde (p. 4SS). It melta at 135°. 



ORGANIC CHEMISTRY. 



},C^,<J^">CH, bears llicaaiui? relaUomliip 
■H liiilul hvaK to pj-rrul. It orrurs willi ila honiuIogueB in nial- 
B,\x iinJifTereiii, oily liquid. 



4. Thlophene Compounds. 



Ihyllliiopltm 
iliglit t.\t«ut in III 



(thlotoleiie) and di methyl ttiiuplieue (lliioxe 

light oils of coal-tar (p. 473) and therefore oci'ure in crude benzene. 
It is produced by heating succinic anhydride with P^,; 



or by passing aci'tylene ihroufih boiling eulpliur: 2C^, t-S^CjUS, It 
is a culurlesa neutral Ucjuid boilinK at K4°, wlii[!li nitb taalin aod BUl^iurk 
acid foniis blue Indoplicjiiii. C\^I,NOS (delicate reaction for Ihiophinw). 

Tbiopheuic acid, C,H,ICUU11)S, very similar U> bectoic acid, is,liki 
all lliiopWiie rlcnvatives, kiirjA-ji as twu isomers (« and ^. 

Bentothiophene, tliionaphthene, C,H,<q_^H, bears tlie (hh 
reluti'jii III thiophcne tliat ben;!ofunuie does to furaui!. It forms colorieti 
ciyslais, 

CH^C CH 

Thiophtene, j| _Jl 11 ' " "^latfid to thiuphene in the sum 



The? 
nitroc^n, which are derived froiu pyrrol, fiirniie, Ihii'phenc, ilidol 
tivea by replacinR-CH- groups by ~N- atoms. They are c&Ued otofa^ 
and according lo the number of N atams in the ring di-. tri-. tetnunkbi 
Oxazolea contain one N and one O atom; (AmwIm, one N and oiieS mot 
m tlip ring. According aa t!ie N atoms occupy the o-, m-, or p-piwliim- 
to each other thoy are called inaioli', miazoUa, and pituvlen (p. 542). 



I. Azole Compounds. 



Glyoisline, fMI,\, or <. 
Pyraiole, CJl.N, or <^p 
Dihydrypyraiole, pyrazoli 



.jj">NH, m-dinKoIe. imidaiole, and 
> NH, o-diaiole, fomi mlorleM ity«t^ 
,rH,-CH. 



{.j^:.__^?> NH, 18 a liaaic liquid. 

Tetrahydropyraiole, pyrazolidinc, <c(j-_[ij^>NH. is only lnio« 
iiie form of derivatives. 



^H AZOLE COMPOUNDS. 

th^Idihydroiniiduole, ethylcoethylenyldianime, ly 
J^^",>NH. is used as a solvent for uric ncid. 

rozolOQ, <nHL_v > Nil, pyraioliii ktUiiic, lomis cc 
tilt' niothcr-stiUstaUfi! ot 
Enyldimethylpyrmzolon, autipyriiic. 

C„H„N.O or CiSiy-N(CH>^'^*"'^' 



C,H,-N,H,CH,+C,H,„0,-C„H,^,0 + H,0+C,H,0. 



Methylpbenyl 



Aicnhni. 



white crystalline powder, melting ot 1 13° and rciidily Boluble in 
and alcohol. lis diniethylaniiJo derivative ia railed pyVatiiidon, its 
aalievlic aeid salt is called aeopyriiie or aeelopyilne- 
jpyriio, C,,H,^,0(C,H,()UC(X)U), forms a wliite aweetiBh niic«>- 
Jine powder or plates, which are not readily soluble in water, bu% 
■ soluble in alcohol. It melts at il2'. 



laiole,C,H,N,orC,H ' 



CH 



Nil, lienzopyrazolc, c 



idazole, C,H,N, or C,H,<j;;^5N, is indol, it> which one -CH- 
ia replaced by a ~S~ atom. They form cryBtals having weak btiaic 
ties and are the mother-substance of many conipoundn. 

.N-CH-C-NH> 
rin, C.H,N. or HCr 11 ^CH, the motlier-wubrtitncp ut 

Ic acid group (p. 416), is a diazindiaEole which may lie runrndered 
lopyiTol, C,H;N (p. 547). in which three ~CH- groups are replaced 
■ee ~N~ tttoina. 
jtriazole, C,H,N, or ■ 
IBS crystals which melt ai 



rrodia70le, CjH,N, o 



V;^;^">Nn, pyiTo (ab) diaMile, mells t>l 



derived from pjttoI. C.H.N, by subBtitutind two -CH" groups by 
.tomsi and hence are called pyirodiazolea. They with their derivn- 
ire weak baacs. 

CH-N 



traiolo, CH.,N, 

uving an acid character. 



>NH, forms crystals which melt at 

Il8 sails Ciplode. 




ALKALOIDS. 

i the exception of nicotiiip avu ilifficultly. soluble in water. The 
:)lulioiis have a bitter taate aud au alkaline reaction. They have 
:ie ubaracler of ainioe ba^ds and combine, like these, with acida by 
ddilion, fonniog good crystalline salts, which are soluble in water and 
Icoltol and insoluble in ether with the exception of colchicine. The 
ree alkaloid is precipitated from the aqueous solution of its salts by 
JJuU hydroxides and alkali carbonutea. They ore mostly optically 
kCbve and indeed licvorotatory. Couiiue, quiuidine, cinohonine, 
pilocarpine, arc dextrorolulory, and piperinc, papaverine, berberiDe, 
bud atropine arc inactive. 

They are precipitated from their solution by tannic acid, pbospho- 
owlybdic acid, and phoapho-tungsUe acid [p. 271), potassium-mer- 
suric iodide, potassiuin-*adniiuni iodide, and a great many by iodine. 
Fheir hydrochloric acid compounds are precipitated by platinum 
^blonde as a double crystalline salt, similar to ammonium salts (p. 
317) and amine bases. 

In preparing them the parta of the plants are extracted with dilute 
lydrochloric acid. The volatile alkaloids can be obtained from this 
■olution by distillation with caustic alkah. In order to separate the 
lon-volfttde alkaloids the solution is generally first precipitated by 
^ad acetate in order to remove tannin bodies, pigments, and gluco- 
ides, and tlie filtrate freed from lead by H^, and the alkaloids pre- 
ipitAtcd from tliia filtrate by caustic alkalies. Thb precipitate is 
issolved In alcohol and repeateJty recrystjiUized. 

I, Pyridine and Pyrrol Compounds. 

Trigonelline, C;H,NO, + H,0. niciitijiic acid methyl butaino (pp. 3(M 
nd 539). occun in llic seeiis of Trigonella fosimmgratcura, and the seeds 
t Strophantus liiHjiuduR. It forms neutral prisnu. 

Hygrine, C.Hi.NO. C,H,(CHJ(COC^j. tn ethyl pvrroUdine ethyl 
:etone, forms n liqiiiil which turns brown in the air and which oecurs to 
. Blieht eitf^nt in corn leaves (p. .55S). 

IHperine, r,,H,5N0„ pipcrylpiperidinc, occurs in ordinary and long 
►epiper. deeompoees on boiling with alkali hydmiides into piperic acid 
3,^,„0, (p. 50(1. and piperidine, C,H„NH (p. m». 

PUocarpine,C,,H,AOj.piloMn''d«n«.C,.,H,.N,0,.jalK>riiie.0„H^,0., 
recur together in the Ipaven of nlocarpus peiuiatifotiuB. PilocartNne is 
loluble with a green color in fuming nitric acid and blackcnH on rubhioE 
irith an equal quantity of mercurous chloride and moistening wilh alcohol 

Pilocarpine hydrochloride, C„H|,N,0,HC1, forma crvstaJs which melt 
»t 194". 

Arecaidine, C,H,,NO,, letrahvdroroethvl nicotinic acid {p. StM. areco- 
ine.C.H.^'O, {melhylareeaidine). guvacihe, C^^O,, (tetrahyilrorm iliyl- 



V nre derivatives of a i 
rQuiniue). 



ALKALOIDS. 



■■ nug 

Quinine and quinldine are readily soluble in ether, cinchonlae and 
^lionidine are nearly itisolublo therein. If to an aqueous solution of a 
nine or quillidiue salt we add chlorine water and then anunnnia we 
aiti a be'autiFul emerald-green coloration. 

CiQCilonine, C,^x,N,U (structure, see Quinine), FomiB bitter prisms 
\cU fiTe difliirultly soluble in alcohol and which melt at 2SS°. 
Quinine, C,aH^N,0^ metbyloxylcinehonine, exists to about 6 per cent. 
CH, in tlie cinchona bark, fonus with 

E] 3tl,0,ahiuingbittcrueedles which are 

XX difncultly soluble in alcohol. When 

anhydrous tliuy melt at 175°. llfunns 
riiiiary and secondary salts, which 
.tier are neariy insoluble in water. 
, .„ Quinine bimiliihate, 

( \ / * (C^„N,O^H^, + 7H,0, 

\li/\CH,-C.U.(OCHjN [°V^m w^te?^^*""^ ''""^'"^ 
Quinine tulphaU. (C^„N,0-)^^0 +8H,0, is not readily soluble in 
'.f!T but more soluble Iluin tlie bisulphate by the addition of some 
iihuric acid. 

IJuinine hyilrofhUmde. C„H„\,0j-HCl + 2H,0, white crystalline 
dl<!s. soluble in 3-1 parts water. 
liuimne-iron cHrntf is readily soluble in water, 
(Jiiinine lannate, yellow amorphous powder soluble with difficulty. 
Quininn carhoxylic arid ethyl enter, C„H„<COO-C,H,)N,0„ euquinim, 
>es us a tasteless subatitute for quinine. 

Cinchonidine, C,iIl„N,(.), the alereiosomer of cinrhonine. also obtained 
n cinclionine by rearrangement of llie molecule, forms large prisma 
eh melt at 203° and are readily soluble In alcohol. 
Quinidine, Cj„H„N,0,, niethyloxylcinchonidine, forms prisma with 
molecules tl,U and when anhydrous melts at 172°. 

J. Isoquinaline Compounds. 

rs in Hydrastia cnnadensis (Golden seal), 
forme prisms melting at 132° and on 
oxidation yields opianic acid, C..H.uO. 
(p. 497), and 

' Hydraadnine, C„H„NO,. The salts 
of this contain the complex C,|H,,NOj 
which is obtained by the removal of 

Hydrastinine hydrochloride. C.,H,|NO,-HCl (see structural tormulaV 
This forms yellow needles which melt at 210'' and are soluble in water 
li a blue fiuuresceni'e. 

Berberine, C„,H,,NO,, contains a hydrastinine and an isoquinoline 
; with a mutual C and N atom. It occurs in the varieties of Berberia, in 

columbo root, in the Hydrastis canadensis, in the bark of the Geoffroya 
laicensis, Xanthoxylum clava, and many oth(^^ plants used as a yellow 
It fonns yellowish-brown, optically inactive needles with 6 mole- 
3B H,0. U melts at 145°. 



Hydrastine, Cj,H„N'0„ . 
CH CH 

\:h^\:h/ 




ALKALOIDS. 



. Pyrrolidiae-Piperidine CompOundB. 
*Eae Solanaceic alkaloids, atropine, hyoscy amino, belladonini 
™e, also the coca alkaloids, cocaine and tropacocuine, contain ; 
d pyrrol ring (p. 544) in combination with a piperidine ring (p. 5^). 
«y may also be conaidpred aa a aeven-carboii nng (cyclolieptane) with 



Tropinc, C,H„NO. 



Atropine, C„HaNO,. 
,CH. 



JN-C 
, I 



h/1\ 



N-CH.CHOOCDOH 
CH, CH,OH 



Coeaiae. C„H„NO,. 



CH' 



CHCOOH 

;h,choh 

/ 



I 



Tv. 



CHCOO-CH, 
N-CH,CHCOOC^ 

1 CH, 



Atropine, belladonine, hyoBcyamine, BiYipolamine, cause a dilation 
the pupils evtn in the emallest quantities. When a trace of thew 
dies is warmed with concentmited sulphuiic acid and Eonie water and 
baaaiuin permanganate added, an odor ainiilar to oil of bitter almond* 
developra. If a trace is disaolved in conrentrated H^O, and some 
liuin nitrat« added an orange coloration is obtained which turns reddish 
■let and then pole pink when treated with on alcoholic caustic alkali 

Atropine and hyoscyamine are stereoisomers and decompose on beat- 
j with bases into tropine and tropic acid tp. 5(J2); 

C„H,,NO,+ H-0=C.H,,SO+C^,oO,. 

Tnjpuie. Trupisiuid. 

On warminfii tropinc (tropanol) and tropic acid with dilute hydro- 
loric acid we only obtain atropine, as any hyoscyamine formed is imme- 
»l«iy changed into atropine. 

As tropine combines with tropic acid bo it also eombinea with other 
yacids, producing compounds called trnfieines. With mandelic acid 
. 49>) and tropicie we obtain Aomolro jitne. C„U,,NO,, which is used in 
sdicine instead of atropine. 







■ o, 



'""to*, 
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d. Monosatxharide-npliUing Emymes. 
Zymase, alcoholaae, cmitained in the Quid pressed from previoualy 
lestn>y(!d ye«,^t^pll8, pniducei nlcohoiic termciilution (p. 354). Similar 
nzymca to zyiuase have aieo been found lii uniinal cells. 

c Qlucosidc-apliUing Emymex. 
EmuLsln, syiiaptase, of tlie sweet and bitter aJmond, splits the glueu- 
niJ«» aiiiygdalin and aajicin. 

Hyrosin, of the white and black mustard-seed, spUts the glui-osidi! 
niyroiiate (p. 438). 

/. Gtyeeriile-spliUiiu/ Enzymes. 



g. Vongulating Eiiii/tiifs. 

Rmnio, (thymosin, coagulates neutral casein sntutions, oerurs in the 
gasirie juice of the eivlf and sheep. A irimllar eniyine is also found in 
various varieties of tiscus and OLher plants 

Fibrin ferment, thruinbin, throiiitiuse. converts Sbriiiogen into tiliriii 
(p. a^iTi 111 the presence iif neutral siilts. 

Gluten ferment (?) converts the proltids of flour in to gluten (p. 567). 

Pictase, which t'onverla the f.\prc.Bed juice of many fruits into a jelly. 

b. OziiHzing Eiii:imf.x or OxidasKi. 

Thaae iNwm t/i be a oiiKturc of pproxidasca wliich only oxidise in 
the presence of purosidcs and osygeiiasea. the kltcr oxidising only in tlie 
presenm' of iLKysen. 

Laccase, in the juice of ilie Japanese latvtroe, and oxidases related to 
this hIso occur in many plants'. 

Tyros'Daw, in many fungi, in the dahlia and potato tubers beetA, 
ele., oxidises lyrorin but al o many other cyclic compounds. 

i. Amidr-spliii-ing Enzymes 
occur in tuiiK' which cnuse the fermenlatioji of urine (splitting the urea, 
p. IHl). 

;. Redttring Emymes, 
al.to called raluetoKKi. cause reduction processes and are found especially 
in the plants. 

Catalair is the name of the ensynie which sets molecular oxygen Free 
from peroxides. 

6. Toxalbutnlns. 

In various planbi and animals wc lin<i bodies which in regard to behav- 
(nr Ijelong on one side to the fooil-prfileids and on the other side to tlii; 
\ but they are more or les- pnisonnus. In certain cases their 



proteids by the methods used. 



9 which cannot be separated from the 



^^^3^^^^ 


^^f ^^^H 


,M0 . 


Acetyl phenetidinp, 4S5 ^H 


luitetric, 4fl0 


— propionic acid. 371 ^H 

— oxide, 307 ^H 


ipounds. 467, 538 


acid, 525 


— sniicylic add, 493 ^^M 


3l, 515 


— succinic acid, 366 ^^M 


salto. 202 


Ac)ullein, 559 ^^^^H 


672 


Achilletine. 559 ^^^^^^M 


lin, 527 




lole, 521 


Acid n)bu[niii, 56S ^^^^^^| 


tion, 60 


— amides, 336 . ^^^^^M 


tion spc-'irum, 45 


— anliydridea, 98. 336, 346. SBTi ^M 


ulators, 2(iO 


4d4 ^1 


hthene, 515 


— clilorides. 160 ^M 


351, 401 


— chioranhydrides, 160 ^M 


iehyde. 359 


— esters, 332 ^H 


lide, 367 


~ Imides, 336 ^^M 


>lide. 485 


— radicals. 98. 336 ^H 


«, 363 


Acids, 84, 97, 335 ^^M 


»cid, 361 


— basicity, 335 ^H 


hlorinated, 368 


— dihydnc, mouobamc, 335, 403 ^M 


thy] Mter, 364 


— dibasic. 335, 420 ^H 


/dride, 367 


— hydric. 98 ^H 


r.364 


~ monobasic, 344 ^^1 


enetidine. 485 


— monohydric, 344, 444 ^H 


setie Hcid. 364 


— organic, 335 ^^U 


r, 365 


— oxygen-free, 08 ^H 


B, 371 


— 98 ^^M 


itrile, 390 


— valence of. 93, 335 ^^_^^H 


henonc 498 


4t(6 _^^^^^H 


yrine, 551 


Aconiiie, 558 ^^^^^^H 


in.<s, 372 


Aconitic acid, 431 ^^^^^^H 


■ne. 441 


Aconitine, 558 ^^^^^^^H 


jer, 442 


Acopvrine, 551 ^^^^^^B 


T, 442 


Acoretiii, 529 ^^H 


acetic and, 364 


Acorin, 520 ^H 


ride. 367 


Acriditie compounds, 540 ^^H 


lie acid. 403 


Arn.k'in, 439 ^H 




Acrose. 450 ^H 


^ 


573 ^H 



■jp^lT'l 


^^^v ^1 


W^^ 


Aluminatee, 25t ^^M 


1.380 


.\luDuuiuiu, 248 ^^H 


.394 


— acetate, 363 ^^H 


is, 32<) 


— aeeto-tarlrate, 430 ^^U 


mmoi.ium hydroxides, 379 


— alkvla, 382 ^^H 


329, 33B 


— altoya, 241) ^^M 


yiuiidcs, 390 


^amalgam, 243 ^^H 


es, 329, 394 


~ bronze, 24t) ^^H 


e oxides. 399 


— chlonde, 251 ^^M 


in, 414 


~ del«rtion of. 254 ^^1 


iric nrid. 413 


— fluoride, 251 ^^H 


lamic acid, 500 


— eraup, 247 ^H 

— hyUrojdde, 250 ^^H 


)25 


il7 


— oxide. 240 ^^H 


neriain, 303 


— silicates, 252 ^^H 


inic ucid, 413 


— sulpliate, 251 ^^H 


;«i 


— sulphide, 251 ^^H 


piani, 80 


— Ian Date- tartrate, 49S ^^^1 


49 


Alunite. 252 ^^H 


,414 




lie acid, 414 


.\malgams. 242 ^^M 


ithiiie. 415 


AmalicaHd. 415 ^^H 


37 


Aiiiblygonito, 215 ^^H 


htil. 438 


Au)ber. 525 ^H 


liyde. 439 


Ametlivst, 195 ^^H 


ne, MO 


Amianlhua, 227 ^^1 


ene compnundB, 490 


Amic acida, 336. 420 ^^H 


poun<la. 438 
phidp. 438 


Amid, 96 ^^B 


— bases, 330, 37R ^^H 


1<.-, 438 


— derivatives of beDzene, 48B ^^^H 


ilphofvanic ester. 4.'W 


— of carbonic acid, 400 ^^^1 


tard oil, 438 


Amides, 336. 367, 420 ^^H 


rt-atfchiii methylene ether, 


— acid, 330 ^H 


[) 


— of bibasic adds, 420 ^^H 


hide. 438 


Amidince, 336 ^^^H 


lioL-yanide, 438 


Amido, 96 ^^H 


liocartiimide, 411 


— acetic acid. 360 ^^^H 
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